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PREFACE

This document was prepared by Tetra Tech, Inc. for the U.S. Environ-
mental Protection Agency (EPA) Region X, Office of Puget Sound under the
Elliott Bay Action Program work assignment of U.S. EPA Contract No.
68-02-4341. The primary objective of the Elliott Bay Action Program is to
identify toxic contamination and appropriate corrective actions in Elliott
Bay and the lower Duwamish River. Corrective actions include source
controls and sediment remedial actions.  An Interagency Work Group,
comprising representatives from the U.S. EPA, Washington Department of
Ecology, and other resource management agencies, provides technical
oversight for all work conducted under this work assignment.

In this report, preferred alternatives for the remediation of contam-
inated sediments in two Elliott Bay problem areas are identified. Preferred
alternatives are assembled and selected based on sediment characteristics,
environmental factors, and on the criteria of effectiveness, implement-
ability, and cost. The intent of this document is to provide guidance to
federal, state, and local agencies in the remediation of toxic contamination
in E1liott Bay.

The following reports are also associated with this work assignment:

Analysis of toxic problem areas (PTI and Tetra Tech 1988)

= Evaluation of potential contaminant sources
= Development of a revised action plan

= Evaluation of the relationship between source control and
mitigation of contaminated sediments (Tetra Tech 1988c)

ii
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= Development of a storm drain monitoring approach (Tetra Tech
1988b)

m .Development of a receiving environment monitoring approach.
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1.0 INTRODUCTION

1.1 OBJECTIVES

The objective of this document is to describe and evaluate remedial
alternatives for two highly contaminated problem areas in Elliott Bay,
Seattle, Washington. This document is also intended to support the
development of guidelines for evaluating sediment remedial actions, as
specified in Element S-7 of the sediment remedial program in the Puget Sound
Water Quality Management Plan [Puget Sound Water Quality Authority (PSWQA)
1987].

The two problem areas addressed herein were selected by the IAWG on the
basis of observed high chemical contaminant concentrations in sediments and
associated adverse environmental effects. The areas were also chosen
because ancillary offshore and source data from previous studies of those
sites were available (summarized in PTI and Tetra Tech 1988; Tetra Tech, in
preparation). One of the two areas selected by the IAWG was the offshore
area in the vicinity of the Denny Way combined sewer overflow (CSO). In
this report, this site will be referred to as the Denny Way problem area.
The other site selected by the work group was along the north shore of
Harbor Island and is referred to as the North Harbor Island problem area.

1.2 OVERVIEW OF STUDY

The assessment of sediment remedial alternatives is based on data
collected. and compiled in support of the Elliott Bay Action Program,
including problem area identification (PTI and Tetra Tech 1988), source
evaluation (Tetra Tech in preparation), and evaluation of the relationship
between source control and recovery of contaminated sediments (Tetra Tech
1988c).
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The approach used to select sediment remedial alternatives is described
in Sections 3.0-5.0. This approach is based on that used in the Commencement
Bay Feasibility Study (Tetra Tech 1988a), and modified when necessary, for
use in Elliott Bay. A brief description of this approach is provided in
Section 2.0.

Study area characteristics, problem chemicals, and sources of contami-
nants are provided for each problem area in Section 3.0. In addition, the
relationship between source control and sediment accumulation of problem
chemicals is summarized in Section 3.0. Potentially applicable technologies
for the remediation of contaminated sediments in the Elliott Bay study area
are discussed in Section 4.0. In Section 5.0, generic sediment remedial
alternatives are assembled and the various process options appropriate to
each generic alternative are described. Guidelines to identify candidate
process options and alternatives appropriate to the Elliott Bay problem
areas are provided in Section 6.0. In Section 7.0, the guidelines for
determining appropriate sediment remedial alternatives are applied to the
North Harbor Island and Denny Way CSO problem areas to identify preferred
alternatives.

1.3. STUDY AREA

Elliott Bay is a small embayment (21 kmz) located on the eastern shore
of Puget Sound approximately midway between Admiralty Inlet and the Tacoma
Narrows (Figure 1). The inner bay receives fresh water from the Duwamish
River and most of the stormwater runoff from about 67 km? of highly developed
land in metropolitan Seattle. The nearshore areas of Elliott Bay have been
altered substantially from their natural state by anthropogenic activities.

The- Duwamish River is a salt-wedge estuary that is influenced by tidal
action tﬁroughout the lower 16 km of the river (including all of the
riverine habitat within the study area). The lower 10 km of the Duwamish
River is a straightened navigational channel that flows through heavily
industrialized areas of the city. Harbor Island divides the river into the
East and West Waterways near the mouth (Figure 2). The Duwamish drainage
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Project location: Elliott Bay and the lower Duwamish River.
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basin (1,250 kmz) includes large expanses of agricuitural and forested lands
in the upper basin.

The Denny Way and North Harbor Island sites (Figure 2) selected by the
IAWG for assessment of sediment remedial alternatives are located within
two of the high priority problem areas identified by PTI and Tetra Tech
(1988). The Denny Way study site is located within the Seattle North
Waterfront (NSI) problem area and the North Harbor Island study site is
included within North Harbor Island-I (NHI) (Figure 3). These areas were
identified as priority problem areas based on combined significant elevations
of contaminant concentrations in sediments, fish pathology, and biocaccumula-
tion (PTI and Tetra Tech 1988). The selected sites are described in greater
detail in Section 3.0.
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2.0 TECHNICAL APPROACH

The approach for assessment of remedial alternatives in Elliott Bay
includes the following individual components (Tetra Tech 1988a):

n Identification of sediment c]eanu(igggii/lTetra Tech 1986;
Tetra Tech 1987b)

MJ,W/IET

= Identification and prioritization of problem areas and problem
chemicals (PTI and Tetra Tech 1988)

] Evaluation of major sources (Tetra Tech in preparation)

] Development of an analytical approach 1) to establish the
relationship between source loading and sediment accumu]atiog
of problem chemica]s; and 2) to evaluate natural recovery of
sediments following control of sources (Tetra Tech 1988c)

n Identification and screening of candidate sediment remedial
alternatives

. Identification of preferred alternatives.

Each of the individual components is an integral part of the overall
remediation effort. Development of sediment cleanup goals was performed
during the Puget Sound Dredge Disposal Analysis Program (Tetra Tech 1986)
and the Commencement Bay Feasibility Study (Tetra Tech 1987b). The following
three components  in the list were initiated under the Elliott Bay Action
Program. Assessment of candidate sediment remedial alternatives is the
focus of this document. The components of the technical approach for
assessing remedial alternatives are discussed briefly in the following
sections.

DUW 80036751
BVL

B-DUW2-2073222



2.1 SEDIMENT CLEANUP GOALS

A working (definition of acceptable chemical concentrat{;;;_;;_225753553)

1§'required rior to evaluating sediment remedial alternatives. Because
criteria_for sediments are not yet available, sediment cleanup goals are
based on the "apparent effects threshold" (AET) approach (Tetra Tech 1986).
The focus of the AET approach is to identify concentrations of chemical
contaminants in sediments that are associated with statistically significant
biological effects (relative to reference conditions). Biological indicators
used to develop AET values include:

(] Depression in abundances of major taxonomic groups of benthic
infauna (e.g., Crustacea, Mollusca, Polychaeta)

. Amphipod mortality bioassay using Rhepoxynius abronius

= Oyster larvae abnormality bioassay using Crassostrea gigas

. Microtox bioluminescence bioassay using Photobacterium
phosphoreum.

For a given chemical and a specific biological indicator, the AET is the
concentration above which statistically significant biological effects
occurred in all samples of sediments analyzed.

AET values have been proposed for 64 organic and inorganic toxic
chemicals using synoptic chemical and biological data from 200 stations in
Puget Sound (Tetra Tech 1987b). For each chemical, a separate AET was
developed for each biological indicator listed above, resulting in four sets

of AET values. A list of the highest and lowest AET for each chemical is
provided in Table 1. (Sediment cleanup goals jare based on the lowest AET
value for problem chemicals: ‘ 772L mjﬁﬁ;j//
" g
8
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TABLE 1. PUGET SOUND AET VALUES
(ug/kg dry weight = ppb for organic compounds;
mg/kg dry weight = ppm for metals)

Lowest AET? Highest AET

LPAHD 5,200 6,100
Naphthalene 2,100 2,400
Acenaphthylene 560 640
Acenaphthene 500 980
Fluorene 540 1,800
Phenanthrene 1,500 5,400
Anthracene 960 1,900
HPAHC 12,000 38,000
Fluoranthene 1,700 9,800
Pyrene 2,600 11,000
Benzo(a)anthracene 1,300 4,500
Chrysene 1,400 6,700
Benzofluoranthenes 3,200 8,000
Benzo(a)pyrene 1,600 6,800
Indeno(1,2,3-c,d)pyrene 600 880
Dibenzo(a,h)anthracene 230 1,200
Benzo(g,h,i)perylene 670 5,400
Total PCBs 130 2,500
Total Chlorinated Benzenes 170 680
1,3-Dichlorobenzene -- --

1,4-Dichlorobenzene 110 260
1,2-Dichlorobenzene 35 50
1,2,4-Trichlorobenzene 31 64
Hexachlorobenzene 70 230
Total Phthalates 3,300 3,400
Dimethyl phthalate 71 160
Diethyl phthalate -- 200
Di-n-butyl phthalate 1,400 1,400
Butyl benzyl phthalate 63 470
Bis(2-ethylhexyl) phthalate 1,900 1,900
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TABLE 1. (Continued)

Lowest AET®  Highest AET

Pesticides

4,4’ -DDE- 9 15
4,4’ -0DD 2- 43
4,4’ -0DT 3.9 11
Phenols

Phenal 420 1,200
2-Methylphenol 63 63
4-Methylphenol 670 1,200
2,4-Dimethyl phenol 29 29
Pentachlorophenol -- --
2-Methoxyphenol 930 930
Miscellaneous Extractables

Hexachlorobutadiene 120 290
1-Methylphenanthrene 310 370
2-Methylinaphthalene 670 670
Biphenyl 260 270
Dibenzothiophene 240 250
Dibenzofuran 540 540
Benzyl alcohol 57 73
Benzoic acid 650 650
n-Nitrosodiphenylamine 40 220
Volatile Organic Compounds

Tetrachloroethene 140 140
Ethyl benzene 33 37
Total xylenes 100 120
Metals

Antimony 3.2 26
Arsenic 85 700
Cadmium 5.8 9.6
Copper 310 800
Lead 300 700
Mercury 0.41 2.1
Nickel ' 28 49
Silver 5.2 5.2
Zinc 260 1,600

10
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Table 1. (Continued)

a By definition, the lowest AET is the sediment cleanup goal.

b {paH

Low molecular weight polynuclear aromatic hydrocarbons.

C HPAH = High molecular weight polynuclear aromatic hydrocarbons.

Reference: Tetra Tech (1987b).

11
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2.2 IDENTIFICATION OF PROBLEM AREAS AND PROBLEM CHEMICALS

The identification and subsequent ranking of problem areas and problem
chemicals -in E1liott Bay were performed under the E1liott Bay Action Program
(PTI and Tetra Tech 1988). Synoptic sediment chemistry data, sediment
toxicity, and benthic infauna data were used to characterize the environ-
mental hazard of contaminated sediments in the nearshore region (i.e., less
than about 50 m deep) of Elliott Bay and the Tower Duwamish River. The
magnitude and spatial distribution of sediment contamination in the North
Harbor Island and Denny Way CSO problem areas in Elliott Bay are summarized
in Section 3.0.

Problem chemicals were assigned priority based on the relative number
of stations in each study area where concentrations exceeded the sediment
cleanup goal. Chemistry data compiled from the following references were
utilized to identify the problem chemicals in each of the study areas:

n Denny Way

- Malins et al. 1980

- Romberg et al. 1984

- Romberg et al. 1987

- PTI and Tetra Tech 1988

= North Harbor Island

- Malins et al. 1980
- U.S. EPA 1982; 1983
- Romberg et al. 1984
- Stober and Chew 1984
- Gamponia et al. 1986
- PTI and Tetra Tech 1988.

These data are presented in Appendices A and B.

12
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For chemicals that were measured at multiple stations within a problem
area, a high priority was assigned if the compound was detected at a
concentration greater than the sediment cleanup level in at least 40 percent
of the samples. A low priority was assigned to chemicals that were detected
at a frequency of 40 percent or less. In addition, a Tow priority was
assigned to contaminants which were analyzed for at only one station within
a problem area.

Because of the difficulty in evaluating remedial alternatives for
problem areas impacted by a wide variety of chemical compounds, a set of
"indicator chemicals" was defined for the Denny Way and North Harbor Island
problem areas. The indicator chemicals are a subset of each area’s problem
chemicals. Indicator chemicals were selected based on the following
criteria:

. Frequency of sediment cleanup goal exceedance

" Spatial distribution of concentrations exceeding the cleanup
goals

] Magnitude of cleanup goal exceedance
n Resistance to degradation.

The ratio of contaminant concentration in surface sediments to its respective
cleanup goal (co/cg) (the enrichment ratio) was used to evaluate the
frequency, distribution, and magnitude of cleanup goal exceedance. A
schematic of the process used to identify high priority, low priority, and
indicator chemicals is presented in Figure 4.

2.3 EVALUATION OF MAJOR SOURCES
An evaluation of potential contaminant sources in Elliott Bay is

currently being conducted as a component of the Elliott Bay Action Program
(Tetra Tech in preparation). Without source control, sediment quality in

13
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Figure 4. Flow chart for the identification of indicator chemicals.
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newly remediated problem areas would degrade in response to inputs of contam-
inated sediments.

Potential sources, such as CSOs and storm drains, are being identified
and ranked based on chemical contaminant concentrations measured in sediments
collected from the drains (Tetra Tech in preparation). The source evaluation
focuses on the high priority problem areas identified in the receiving
environment (PTI and Tetra Tech 1988). Relationships between potential
sources and problem areas are being evaluated using available source and
offshore sediment chemistry data, and ancillary information on drainage
basin characteristics, industrial activities, and historical sources. The
status of contaminant sources in the Denny Way CSO and North Harbor Island
problem areas is summarized in Sections 3.1.3 and 3.2.3.

2.4 RESPONSE OF SEDIMENTS TO SOURCE CONTROL

The evaluation of the relationship between source control and sediment
accumulation of contaminants is essential to the development of sediment
recovery scenarios and the identification of appropriate sediment remedial
alternatives. Following source control, the deposition of clean sediment
will tend to mitigate chemical contamination and associated adverse
environmental effects in surface sediments.

An analytical approach was developed to evaluate the relationship
between source control and sediment recovery in the Commencement Bay
Feasibility Study (Tetra Tech 1987a). In that study, sediment recovery in
contaminated problem areas was predicted through the application of the
Sediment Contamination Assessment Model (SEDCAM). SEDCAM is a mass balance
equation that attempts to predict the sediment concentration of contaminants
in relation to source loading, sedimentation rates, mixing, biodegradation,
and loss across the sediment-water interface. To apply this approach, it
was necessary to estimate the degree of source control that is feasible for
individual problem areas. '

The model was also applied to the two problem areas in Elliott Bay to
assess the potential success of source control (Tetra Tech 1988c). Results
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from the application of the model to the Denny Way CSO and North Harbor
Island problem areas were used in this study to determine the necessity of
additional corrective actions such as sediment remediation (see Sections
3.1.4 and-3.2.4).

2.5 SEDIMENT REMEDIAL ALTERNATIVES

Sediment remedial alternatives were developed through the following
steps (Tetra Tech 1988a):

n Develop a thorough 1ist of available remedial technologies
for the isolation, removal, treatment, and/or disposal of
contaminated sediments

. Conduct an initial screening of available remedial tech-
nologies to identify candidate technologies that may be
appropriate for the study area

] Develop specific combinations of appropriate technologies to
define a wide range of complete sediment remedial alternatives

. Screen the candidate sediment remedial alternatives to
develop a discrete and concise set of alternatives appropriate
for the individual problem area.

Through this process, different sediment remedial alternatives were developed
that can be applied on an area-wide basis to the Elliott Bay problem areas.

Remedial technologies and corresponding process options were identified
within seven response action categories: no action, institutional controls,
in situ containment, removal, in situ treatment, post-removal treatment, and
disposal. Through an initial screening process, technologies and process
options were eliminated as not being appropriate at this time for the
ElT1iott Bay probliem areas. The sediment remedial technologies and process
options that passed the initial screening were combined to form area-wide
alternatives:
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] No action

s . Institutional controls

n In gitu containment

] Removal and disposal

» Removal, treatment, and disposal.

The area-wide alternatives were then screened to develop a specific set of
alternatives for each problem area.

Implementation of preferred sediment remedial alternatives must be
coordinated with source controls, if acceptable sediment quality is to be
maintained. Institutional requirements, source control measures, and
sediment remedial actions will be incorporated in the Elliott Bay Revised
Action Plan (PTI and Tetra Tech in preparation) to identify, prioritize,
and integrate remedial activities. The overall objective of this plan is to
outline actions by individual agencies and cooperative efforts among the
agencies to correct identified problems in E1liott Bay.

2.6 SELECTION OF PREFERRED ALTERNATIVES

A detailed analysis of sediment remedial alternatives and selection of
preferred alternatives is the final stage of the evaluation process (Tetra
Tech 1988a). Evaluation criteria for the detailed analysis can be grouped
into three general categories: effectiveness, implementability, and cost.
Four effectiveness criteria were used: short-term protectiveness; timeliness;
long-term effectiveness; and reduction in contaminant toxicity, mobility, or
volume. Three implementability criteria have been included: technical
feasibility, institutional feasibility, and availability of disposal
facilities. Cost criteria were divided into: 1) initial costs, including
design and specification preparation and capital construction; and 2)
operation and maintenance (0&M) costs, including monitoring. A present
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value analysis was used for cost comparisons using the lowest AET cleanup
goals to define the area requiring remediation.

A matrix comparison process was used to support the evaluation of
alternatives for each problem area. First, a narrative matrix was prepared
to provide a complete analysis of all criteria. Second, an evaluation
summary matrix was prepared using a reduced set of criteria. Each alterna-
tive was rated as either low, moderate, or high with respect to meeting each
of the summary criteria. A preferred alternative was then selected for
sediment remediation in each problem area.
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3.0 DESCRIPTION OF PROBLEM AREAS

3.1 DENNY WAY

3.1.1 Site Description

The Denny Way problem area is located north of the downtown Seattle
area offshore of the Denny Way CSO outfall (Figure 2). This area is
characterized by high concentrations [i.e., exceeding high AET values (HAET)
(Table 1)] of mercury, silver, polycyclic aromatic hydrocarbons (PAH),
polychlorinated biphenyls (PCBs), and several chlorinated pesticides (PTI
and Tetra Tech 1988).

Although contaminant loading from the Denny Way CSO has been decreasing
in recent years, this CSO has been identified as a major contributor of
chemical contaminants to bottom sediments near the site (Romberg et al.
1987). Elevated concentrations of organic compounds and heavy metals are
present in bottom sediments near the outfall (Tomlinson et al. 1980; Malins
et al. 1980; Romberg et al. 1984; Romberg et al. 1987). In addition,
altered benthic communities have been observed concomitant with elevated
chemical concentrations in the vicinity of the outfall (Armstrong et al.
1978; Cominskey et al. 1984; Chapman et al. 1982). Recent source control
efforts by Metro have reduced toxicant loading to the CSO (Romberg et al.
1987). However, sediment remedial actions may be required to improve
environmental conditions in offshore sediments.

3.1.2 Indicator Chemicals

Mercury, fluoranthene, chrysene, butyl benzyl phthalate, bis(2-ethyl-
hexyl)phthalate, and total PCBs were selected as indicator chemicals for the
development of sediment recovery scenarios and evaluation of sediment

remedial alternatives. Table 2 identifies all of the compounds determined
to have an enrichment ratio [i.e., ratio of contaminant concentration in
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TABLE 2. [IDENTIFICATION OF INDICATOR CHEMICALS IN DENNY WAY CSO OFFSHORE SEDIMENTS

Number of Number of PTI
Largest Historical and Tetra Tech (1988) Total No. of Number Percent of
_ Enrichment Analyses with Analyses with Analyses with of Samples Samples with
Compound Ratio Ratio >1 Ratio >1 Ratio >1 Analyzed Ratio >1
METALS
Cadmium 1.1 2 0 2 35 6
Lead 1.8 ) 0 ) 42 14
Silver 1.6 1 1 2 7 29
Zinc 2.1 14 0 14 42 33
Mercury 6.4 32 1 33 36 92
LPAH
Phenanthrene 66 8 0 8 24 33
Anthracene 42 6 0 6 25 24
Fluorene 58 4 0 4 21 19
Acenaphthene 26 1 0 1 21 5
Total LPAH 36 3 0 3 21 14
HPAH
Fluoranthene 36 10 0 10 25 40
Pyrene 14 6 0 ) 25 24
Benzo(a)anthracene 8.2 8 0 8 23 35
Chrysene 19 10 0 10 23 43
Benzo(a)pyrene 4.7 6 0 6 23 26
Indeno(1,2,3-cd)pyrene 2.2 8 0 8 23 35
Benzo(g,h, i)perylene 2.1 7 0 7 22 32
Benzo(b+k)floranthene 5.1 4 0 4 21 19
Total HPAH 13 7 0 7 21 33
Phthalates
Butylbenzylphthalate 29 17 0 17 21 81
di-n-butyl phthalate 1.2 2 0 2 22 9
Dimethylphthalate 2.5 1 0 1 22 5
Bis (2-ethylhexyl) phthalate 28 13 0 13 20 65
Total phthalates 17 13 0 13 21 62
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Table 2. (Continued)

Pesticides/PCBs
4,4 -DDE 2 1 (i 1 2 50
4,4'-DOD ' 6 1 DL > AET? 1 2 50
4,47 -DDT 24 1 DL > AET 1 2 50
Total PCBs 20 27 DL > AET 27 33 82
Phenols
Phenol . 4.5 4 0 4 21 19
Pentachlorophenol 5.6 2 0 2 21 10
3 Method detection limit exceeded cleanup goal.
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surface sediments relative to its respective cleanup goal (Co/Cg)] greater
than 1 for at least one of the 42 stations. Locations of the 41 (including
1 duplicate station) sampling stations are presented in Figure 5. Areal
distributions of the indicator chemicals are presented in Figures 6-11.
Appendix A summarizes the data evaluated to identify the indicator chemicals
in the Denny Way problem area.

3.1.3 Source Summary

The Denny Way CSO has a shoreline discharge at the north end of Seattle
(Figure 2) and is the largest CSO discharging untreated wastewater into
Elliott Bay. It discharges a total average volume of 500 million gal/yr
from approximately 30 to 60 times in a given year when trunk lines leading
to the municipal wastewater treatment plant overflow. These are referred to
as overflow events. The service area consists of approximately 1,900 ac of
mixed residential and commercial land.

Metro’s Toxicant Pretreatment Planning Study (TPPS) (Cooley et al.
1984) is the primary source of information on the chemical composition of
CSO discharges to Elliott Bay. In addition to the TPPS data, the Denny Way
CSO has been sampled as part of other Metro CSO studies (Tomlinson et al.
1976; 1980). Comparisons between available water quality criteria and
concentrations of chemical contaminants in the (SO discharge samples
indicated exceedance of criteria for metals such as copper, silver, and
zinc. Characterization of contaminant loading in CSO discharge samples has
been hampered by natural variations in environmental conditions and by the
relatively limited number of samples collected. |

In 1986, Metro conducted a trial study in the Denny Way CSO drainage
basin to determine if toxicant sources could be identified and reduced
(Romberg et al. .1987). As part of the investigation, Metro developed an
inventory of 530 potential sources in the drainage basin based on Standard
Industrial Codes (SIC) and addresses from tax records. A questionnaire on
wastewater discharges and chemical use was sent to those businesses
identified as potential sources. Fifty-four percent of the businesses
contacted responded to the questionnaire. Those businesses that failed to

22

puUW 80036766
BVL

B-DUW2-2073237



0 300
ey feet
I —— S ———— 7\ {e S
0 100
DENNY WAY
o2 o14A o6 ... 4 CSO OUTFALL
10041 7 @17 o2 §.NS-01
@25A 08 18 @28
01406 o9 @19
o4 10 020
013 e26A o1 o,
12
01603 \.-
@®30A o2
01606 @ A060
e5
®ls12
8060
®1706
FORMER PIER 71
0C080 © 1810
01612
Figure 5. Sampling station locations in the Denny Way problem area.
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Figure 6. Areal distribution of mercury concentrations in Denny Way
surficial sediments, corrected for background concentration
and normalized to the target cleanup goal (Co/Cg).
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Figure 7. Areal distribution of fluoranthene concentrations in Denny
Way surficial sediments, normalized to the target cleanup
goal (Co/Cg).
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Figure 8. Areal distribution of chrysene concentrations in Denny
Way surficial sediments, normalized to the target cleanup
goal (Co/Cg)-

26

DUW 80036770
BVL

B-DUW2-2073241



0 300 600
e e {061
ey R (T & tef'S
0 100 200
. . DENNY WAY
o< *21 g65 iy g CSO OUTFALL
° 010 @14 g7 ¥, <0.04
025 ® 415 o2
L4 L4 o1
[ 79 ¢13 3
e e2ig 037
040
8.3
[ ] [ ]
96.0
| ]
[ ]
[ ]
FORMER l;’IER 7
[ ]
[ ]
Figure 9. Areal distribution of butyl benzyl phthalate concentrations
in Denny Way surficial sediments, normalized to the
target cleanup goal (Co/Cg).
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Figure 10. Areal distribution of bis(2-ethylhexyl)phthalate concen-
trations in Denny Way surficial sediments, normalized to
the target cleanup goal (Co/Cg).
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respond were visited or contacted by phone. Ninety-six potential sources
were selected based on the results of the questionnaire survey. These
sources were visited by Metro inspectors to confirm the questionnaire survey
responses-and to collect information to help develop practical source control
strategies. In addition, sediment and wastewater samples were collected at
key points within the CSO system (Figure 12) and analyzed for metals and
organic toxicants. Wastewater samples were collected for two different
events at most stations and sediment samples were collected once at each
station (Romberg et al. 1987).

The highest metals concentrations in both wastewater and sediment
samples were measured in stations downstream of two industrial Tlaundries
that discharge wastewater to the Denny Way CSO. In addition, a large volume
of accumulated sediments in one part of the CSO system (Lake Union Tunnel),
located downstream of both Tlaundries, was found to have high metals
concentrations. Both laundries installed new pretreatment equipment in 1986
to reduce the toxicant loadings in their discharges. Based on preliminary
data, metals loadings in sediments and wastewater were estimated to have
been reduced by 50 percent for copper, 77 percent for lead, and 24 percent
for zinc after the pretreatment systems were installed (Romberg et al.
1987).

High concentrations of chromium and mercury in in-l1ine discharge samples
were traced to a movie film developing facility. The facility has been
directed to use proper disposal practices, and as a result, the toxicant
input from this source is expected to be eliminated or greatly reduced
(Romberg et al. 1987).

Analyses of organic compounds were generally not as effective in
tracing contaminant sources as with the analyses of metals because of large
variations in organic compound concentrations among different sampling
events at one station. However, concentrations of toluene, tetrachloro-
ethane, and ethyl benzene were typically highest in the wastewater samples
collected downstream of the two industrial laundries (Romberg et al. 1987).
These three volatile organic compounds were also present at relatively high
concentrations in sediment samples collected immediately downstream of the
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laundries. In addition, naphthalene appeared to be associated with the
industrial laundries, because it was only present (8.5-170 wug/L) in
wastewater samples collected downstream of these two industrial laundries.

Metro is currently evaluating removal of the contaminated sediments in
the Lake Union Tunnel to prevent them from being flushed into Elliott Bay.
In addition, improvements in the stormwater routing program to enhance in-
line storage, and a notification and control system to reduce source
toxicant discharges when overflows occur are under consideration {Romberg et
al. 1987). Projected stormwater separation measures are anticipated to
reduce the number of (SO events from 50 events/yr to approximately 10
events/yr by the mid-1990s (Romberg and Sumeri 1988).

3.1.4 Source Control and Sediment Recovery

The relationship between source control and accumulation of chemical
contaminants in Denny Way problem area sediments was evaluated through
application of SEDCAM. The model and the results for the Denny Way problem
area are reported in full in Tetra Tech (1988c). A summary of those results
is presented below.

Key variables in understanding the sediment accumulation process
include:

= Concentration of problem chemicals in recently deposited
material

n Concentration of problem chemicals in surface sediments
s - Sedimentation rate
. Depth of the mixed layer

] Rate at which problem chemicals are lost due to biodegradation
and diffusion across the sediment-water interface.
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The depositional parameters in the Denny Way problem areas were
estimated based on studies performed by Romberg et al. (1987) in the vicinity
of the outfall and by Carpenter et al. (1985) in shallow central Puget Sound
bays. Two sedimentation rates (0.2 and 0.7 cm/yr) were selected for the
model to provide a range in sediment recovery scenarios in this area (Tetra
Tech 1988c). The lower rate is conservative and results in the longest
sediment recovery time estimates. A mixing depth of 10 cm was selected for
the model based on sediment profiles from cores collected in Commencement
Bay (Tetra Tech 1987a) and other central Puget Sound shallow bays (Carpenter
et al. 1985). Losses due to biodegradation and diffusion were determined to
be negligible. The model was applied for the indicator chemicals noted in
Section 3.1.2.

Results of the model application to the Denny Way problem area are
presented in Figure 13 and are summarized below:

n At a sedimentation rate of 0.2 cm/yr, acceptable sediment
concentrations (i.e., below cleanup goals) of the indicator
chemicals will not be achieved before 90 yr after aill
contaminant loading has been eliminated

n Acceptable surface sediment concentrations are predicted to
be achieved within 55 yr at a sedimentation rate of 0.7 cm/yr.

Thus, regardless of the sedimentation rate, elimination of sources of
contaminants alone is not expected to result in sediment recovery in the
Denny Way problem area within a reasonable timeframe because of the current
level of contamination.

3.2 NORTH HARBOR ISLAND

3.2.1 Site Description

Harbor Island is Tlocated approximately 1 mi southwest of downtown
Seattle, WA, where the Duwamish River flows into Elliott Bay (Figure 2).
Harbor Island is a 405-ac island that was constructed during the early 1900s
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in an area consisting of intertidal wetlands at the mouth of the Duwamish
River. The island was created using sediments dredged to facilitate
navigation in the lower Duwamish River and the West Waterway. Subsequently,
debris from demolition and regrading projects in the Seattle area were used
to complete construction of the island. Since construction, the island has
been used for commercial and industrial activities. The commercial
activities involve product storage and port and rai] transport. Heavy
industrial activities include secondary lead smelting, shipbuilding, and
secondary metal processing.

The Harbor Island site was listed in the Superfund National Priorities
List in 1980. There are two major environmental issues of concern for the
site: 1) lead contamination from the previous operation of a secondary Tead
smeiting facility on Harbor Island, and 2) releases of hazardous substances
from other potential sources on the island. Background information
pertaining to Harbor Island and the results of previous sampling efforts can
be found in Black & Veatch (1985).

The North Harbor Island study area selected for evaluation of sediment
remedial alternatives is Tlocated along the island’s northern waterfront
areas (Figure 2). This area is characterized by high concentrations of
PAH, PCBs, and several metals (including copper, mercury, lead, zinc, and

arsenic) (PTI and Tetra Tech 1988).

The following companies are located along the Harbor Island waterfront
adjacent to the study area (Figure 14):

] Port of Seattle
- Knappton Maritime Corporation
] Todd Shipyards Corporation

] Mobil 0il Corporation
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n Puget Sound Tug and Barge (subsidiary of Crowley Maritime
Company)

. -Union Pacific.

3.2.2 Indicator Chemica1s

Mercury and total PCBs were selected as indicator chemicals for the
development of sediment recovery scenarios and definition of the areal
extent of contaminated sediments exceeding target cleanup goals at the North
Harbor Island problem area. A1l compounds determined to have an enrichment
ratio greater than 1 in one or more of the 20 samples collected in the
problem area are shown in Table 3. Locations of the sampling stations are
presented in Figure 15. Areal distributions of the indicator chemicals are
presented in Figures 16 and 17.

Additional chemicals which met the criteria for indicator chemicals
(Section 2.4.1) included zinc, pyrene, and 2,4-dimethylphenol. These
chemicals were not included when defining the areal extent of contaminated
sediments because they are included within the area defined by mercury and
total PCBs. The largest enrichment ratios of any chemical measured in the
North Harbor Island problem area was 60 for 4,4°-DDD (Table 3). This ratio
was included in the development of sediment recovery scenarios (Section
3.2.4). Appendix B summarizes the data evaluated to identify the indicator
chemicals in the North Harbor Island problem area.

3.2.3 Source Summary

Harbor Island is served by a combination of city and private storm
drain systems. The city system serves approximately 280 ac located primarily
on the interior of the island (Tetra Tech 1988d). The exterior part of the
island (approximately 120 ac) immediately adjacent to the waterways and
Elliott Bay is serviced by private storm drains that have been installed by
individual property owners. Relatively little is known about these private
drains because previous studies have concentrated on the larger city storm
drain system (Tetra Tech 1988d).
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TABLE 3. IDENTIFICATION OF INDICATOR CHEMICALS IN NORTH HARBOR ISLAND PROBLEM AREA SEDIMENTS

Nunber of Number of PTI
Largest Historical and Tetra Tech (1988) Total No. of Number Percent of
Enrichment Analyses With Analyses with Analyses with of Samples Samples with
Compound Ratio Ratio >1 Ratio >1 Ratio >1 Analyzed® Ratio >1
Metals
Arsenic 6.6 3 1 4 19 21
Copper 9.1 5 1 6 20 30
Lead 3.2 2 1 3 20 15
Mercury 34 13 3 16 20 80
2inc 12 7 1 8 20 40
LPAH
LPAH (total) 1.6 1 1 2 20 10
Acenaphthene 1.9 1 1 2 20 10
Fluorene 2.4 2 1 3 20 15
Phenanthrene 2.5 2 1 3 20 15
Anthracene 2.0 2 1 3 20 15
HPAH
HPAH (total) 10 4 2 6 20 30
Fluoranthene 3.2 3 2 5 20 25
Pyrene 46 7 1 8 20 40
Benzo(a)anthracene 2.5 2 1 3 20 15
Chrysene 3.1 1 3 4 20 20
Benzo(b&k) f luoranthene 3.7 1 2 3 20 15
Benzo(a)pyrene 6.3 1 1 2 20 10
Indeno(1,2,3-cd)pyrene 9.7 1 3 4 20 15
Dibenzo(a,h)anthracene 12.6 0 1 1 20 5
Benzo(g,h, i)perylene 7.3 1 1 1 20 5
4,4'-DDD 60 0 1 1 10 10
Total PCBs 31 16 4 20 20 100
Butyl benzyl phthalate 1.1 1] 1 1 10 10
2,4 - dimethylphenol 7.2 4 DL>AETD 4 8 50

3 gtation E4 was sampled in 1982 and 1983, and both sanples are included in the number of samples analyzed.

b pethod detection Limit for one of four samples exceded cleanup goal.
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Figure 15. Locations of sampling stations from historical studies of

sediment chemistry in the North Harbor Island problem area.
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3.4

Figure 16. Areal distribution of mercury concentrations in North
Harbor Island surficial sediments, normalized to the
target cleanup goal (Co/Cg ).
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Figure 17. Areal distribution of total PCB concentrations in North

Harbor Island surficial sediments, normalized to the
target cleanup goal (Co/Cg).
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There is only one city drain [11th Avenue SW CSO/storm drain (SD) 077]
that discharges into the area selected for evaluation of sediment remedial
alternatives (Figure 14). The 1l1th Avenue SW CSO/SD serves a 37 ac area
located in the northeast corner of Harbor Island. Numerous private drains
discharge into Elliott Bay along the north end of Harbor Island (Figure 14).

A sediment sample was collected near the mouth of the 11th Avenue
CSO/SD during the Elliott Bay Action Program source sampling program during
1985 (Tetra Tech in preparation). Sediment from this drain exceeded HAET
values for cadmium and lead. In addition, organic compounds identified as
problem chemicals in this drain included PAH, PCB, 4-methylphenol, DDT,
fluoranthene, and indeno (1,2,3-c,d)pyrene (Tetra Tech in preparation).

Specific sources of cadmium and lead in the 1lth Avenue CSO/SD basin
have not been documented (Tetra Tech in preparation). There are two
facilities in the area (a tugboat company and a bulk petroleum storage
facility) that are included in Comprehensive Environmental Response,
Compensation, and Liability (CERCLIS). Metals are included as a waste
category for these sites (U.S. EPA, 22 October 1987, personal communication).

Todd Shipyards has owned and operated a shipbuilding and repair
business on North Harbor Island since approximately 1918. From 1918 until
1952, the shipyard operated a repair facility, which included activities
ranging from steel/hull repair, machining, blasting, and painting. In 1952,
Todd Shipyards constructed shipbuilding ways and began building ships. In
1983, the shipyard erected a recyclable steel shot blasting and coating
facility, and discontinued using copper slay blasting material (Cargill, D.,
27 April 1988, personal communication).

Solvents, acids, caustics, oils, oil/water mixtures, and paints have
been identified as waste streams generated at the Todd facility. Heavy duty
marine coatings, including primers/anticorrosives containing lead chromates
and coal tar derivatives, anti-foulings high in copper content, and oil-based
alkyd type finishing enamels have been used at the site. According to
Metro (1983), shipyards along the Duwamish River have purchased slag from a
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copper smelter in British Columbia. The copper content of this slag is
reported to be approximately 1,000 mg/kg (Dexter et al. 1981).

The feasibility of source control at the North Harbor Island problem
area has not been determined. A remedial investigation to be conducted as
part of the Harbor Island Superfund Phase I Remedial Investigation is
scheduled to begin during the summer of 1988. The remedial investigation
and subsequent feasibility study will define the nature and extent of
contamination and provide for implementation of source control and cleanup
of contaminated areas. The primary reason for not considering the entire
NHI problem area (Figure 3) in the area selected for evaluation of sediment
remedial alternatives (Figure 2) is the anticipated implementation of source
control.

3.2.4 Source Control and Sediment Recovery

The relationship between source control and accumulation of contaminants
in the North Harbor Island problem area sediments was evaluated through
application of SEDCAM. The model and resuits for two Elliott Bay problem
areas (Denny Way and Slip 4) are reported in full in Tetra Tech (1988c).
Key variables are presented in Section 3.1.4,

Sediment depositional parameters in the North Harbor Island problem
area have not been characterized to date. Application of the model to this
problem area is 1likely to be inconclusive until sedimentation rates are
available. Two sedimentation rates (2.0 and 1.0 cm/yr) were selected for the
model to provide a range in possible sediment recovery scenarios for this
area. Deposition of sediment from the Duwamish river offshore of North
Harbor Island may result in higher sedimentation rates than those selected
for the model. The lower rate is conservative and results in the Tongest
sediment recovery time. A mixing depth of 10 cm was selected for the model
based on sediment profiles from cores collected in Commencement Bay (Tetra
Tech 1987a) and other central Puget Sound shallow bays (Carpenter et al.
1985). Losses due to biodegradation and diffusion were assumed to be
negligible. The model was applied to the indicator chemicals mercury and
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total PCBs. The enrichment ratio for 4,4’-DDD was also included to provide
the most conservative estimate for sediment recovery.

Results of the model application to the North Harbor Island problem
area are shown in Figure 18 and are summarized below:

[ At a sedimentation rate of 1.0 cm/yr, acceptable sediment
concentrations (i.e., below cleanup goals) of the indicator
chemicals and 4,4’ -DDD will not be achieved until about 40 yr
after all contaminant loading has been eliminated

. Acceptable surface sediment concentrations are predicted to
be achieved within 20 yr at a sedimentation rate of 2.0 cm/yr.

The recovery times predicted above are based on the assumption that
100 percent of the sources have been controlled, including those contributing
contaminants to the sediment load of the Duwamish River. Control of all
sources contributing contaminants to this area may be infeasible in the near
future, and therefore, the recovery times shown above are optimistic.
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Figure 18. Sediment recovery model resuits for the North Harbor island problem
area: enrichment ratio based on maximum concentration vs. sediment
recovery given 100 percent source control for sedimentation rates
of 2.0 cm/yr (a) and 1.0 cm#yr (b).
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4.0 REMEDIAL TECHNOLOGIES

Technologies that are potentially applicable to the remediation of
contaminated media (i.e., sediment and contaminated dredge water) in the
Elliott Bay study areas are described in this section. These technologies
were characterized under the Commencement Bay Feasibility Study (Tetra Tech
1988a). Both source control and sediment remedial technologies need to be
evaluated before implementing response actions, as control of contaminant
sources is essential to the overall approach to cleanup of problem sediments.
An evaluation of potential sources of contaminants in the Elliott Bay study
area is discussed in a separate report (Tetra Tech in preparation). The
purpose of evaluating sediment remedial technologies is to screen or
eliminate from further consideration technologies that are inappropriate
based on technical implementability, given the nature and extent of
contamination and physical characteristics at a given site. The overall
approach to the remediation of a contaminated problem area can be termed a
response action. Response actions fall into six general categories: no
action, institutional controls, containment, treatment, removal, and
disposal.

The consideration of the no action alternative provides a baseline from
which to evaluate the effects of responses that directly address the cleanup
or isolation of contaminated materials. Institutional controls involve
1limiting the potential for public exposure to site contaminants by such
means as educational programs and site access restrictions. Institutional
controls involve source control measures that can be implemented under
established effluent permitting programs. This response action involves no
cleanup of contaminated sediments. These two approaches to remediation are
not discussed in this report except for comparison in evaluating candidate
remedial alternatives. Containment response actions involve no c]eahup of
contaminated sediments. Containment response actions involve capping or
installing lateral barriers to isolate contaminants from the environment in
situ or to preclude the introduction of additional contamination into
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Sediment | Ciay/Sand/Gravel
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Figure 19. Response action, technology types, and process
options for remediation of contaminated sediments.
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TABLE 4.

SUMMARY OF THE SEDIMENT REMOVAL OPTIONS APPLICABLE TO ELLIOTT BAY

Remedial Action
or Technology

Process

Option

Technology Retained
for Evaluation?

Comments

Mechanical Dredging

Hydraulic Dredging

6V

Specialty Dredging

Excavation

Clamshet L
Dragline
Bucket ladder

Dipper

Cutterhead
Suction

Dustpan

Hopper

Yes

Yes

No

No

No

Yes

Yes

No

No

No

Yes

No

Maintains near in situ density of sediment. Preferable for high
metals and volatile organics contamination.

Watertight adaptation, medium to large bucket assumed.

Only average removal efficiency, high suspended solids.
Limited availability, high initial cost, high suspended solids.
Relatively high suspended solids, more expensive.

Produces sediment slurry. Unable to remove debris. Preferred
for soluble contaminants.

Readily available, dredging depth limited to 50 ft.
Can only dredge loose, unconsolidated sediments
Not readily available, can only dredge loose sands or gravels.

Achieving economically feasible load requires overflow of
dredge water.

Availability, development, experience are needed to fully
assess applications and limitations.

Retained for treatment and disposal (post-removal) applications
only.
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TABLE 5. SUMMARY OF THE CONTAINMENT AND TREATMENT OPTIONS APPLICABLE TO ELLIOTT BAY

Remedial Action Process Technology Retained
or Technology Option for Evaluation? Comments

In Situ Containment

Capping . Yes Not feasible in areas requiring maintenance dredging.
Sediment Yes Clean sediment assumed to be available.
Synthetic membrane No Not a proven technology for contaminated sediments.
Sorbents Yes Use of sorbents with other capping material is possible.
Berms and Dikes Yes Evaluated as a component technology for capping and

disposal alternatives.

In Situ Treatment

Solidification/Stabilization (Grouts, gels, Yes Evaluated as a component technology for use in
‘8 sealants, sorbents) conjunction with capping. Conceptual applications
considered.
Chemical Treatment Oxidation No No reports of successful application to contaminated sediments.
Dehalogenation More than one treatment step would be required for mixtures

of organic and inorganic contaminants.

Biological Treatment No No reports of successful application to contaminated sediments.
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TABLE 6. SUMMARY OF THE POST-REMOVAL TREATMENT OPTIONS APPLICABLE TO ELLIOTT BAY

Remedial Action
or Technology

Process
Option

Technology Retained
for Evaluation?

Comments

Solidification/
Stabilization

o Chemical Treatment
—

Biological Treatment

Sorbents, grouts,
gels, sealants

Vitrification
Thermoplastic
Processes

Pozzolanic
Processes

Oxidation/
Reduction

Hydrolysis
Photolysis

Neutralization

lon exchange

Precipitation

Conpostir"og

Land farming

Yes

Yes

No

No

Yes

Yes

No

No

No

No

Yes

Yes

Yes

Yes

Yes

Improved waste handling characteristics, reduced contaminant
mobility, alteration of solubility or toxicity of contaminants.

Proprietary formulations, natural materials, and industrial waste
products warrant consideration. No reported applications to CDM.

Energy intensive, potential emission problems. No reported
applications to COM.

Very expensive, considerable air pollution potential. No
reported applications to CDM.

Different additives available. Field demonstration for application
to COM would be required.

Evaluated for management of contaminated dredge water only.
No reported applications to CDM.

Oxidants are hazardous. Possible by-product formation and
inadequate detoxification are drawbacks to option.

Primarily used for carbamate and organophosphorus pesticides.
Primary use is for dioxins and polychlorinated organic compounds.

Used to adjust pH in acidic or alkaline waters. Not applicable
to Elliott Bay problem areas.

Salinity will adversely affect performance.

Suitable for removing metals in solution.

Availability of suitable disposal site would be determining
factor for application of this treatment to COM. Primary
drawback is excessive land use.

Recalcitrant compounds such as PCBs and metals are not treated.

Degradation of organic constituents must be possible. Cation
exchange capacity of soil is limiting factor for metals.
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TABLE 6. (Continued)

Remedial Action Process Technology Retained
or Technology Option for Evaluation? Comments
Fixed Film, No Waste stream composition must be regulated to ensure biologicat
Suspended growth activity. Recalcitrant compounds not treated. Some metals
adsorbed to sludges.
Thermal Treatment Yes Retained for treatment of organic compounds. Metals are not
removed, energy intensive treatment.
Infrared, Rotary kiln, Yes Retained as representative technologies.
Fluidized bed
Miscel laneous No Metals are not removed in treatment process. Potential air
pollution problems. Siting of treatment facility questionable.
Physical Treatment Yes Potential for isolation and concentration of contaminants in a
waste stream. Siting and development of a treatment facility
are questionable.
Dewatering Yes Underdrainage in sedimentation basin disposal facility is
assumed. Reduces moisture content of CDM.
Solvent Extraction Yes Removes and concentrates organics, precipitates metals.
Volatilization Yes Volatile organic compounds are not anticipated to be a major
problem in Elliott Bay CDM.
Filtration Yes Retained for evaluation in removing suspended solids prior
to implementing technologies sensitive to suspended solids
concentrations.
Carbon Yes Proven and effective technology for removal of organic
Adsorption contaminants from aqueous waste. Not a proven technology for CDM.
Solids Yes Potential for reducing volume of CDM requiring treatment.
Classification Efficiency of separating contaminated fraction from clean
sediment is major consideration for use.
Sedimentation Yes Normal ly an integral component for removing suspended

particulates from hydraulically dredged COM. Facilitates removal
of dredge water. :
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A summary of in situ containment and in situ treatment technologies
retained for further evaluation in the remediation of Elliott Bay problem
areas is presented in Table 5. Additional information on capping options is
presented- in Phillips et al. (1985), U.S. Army Corps of Engineers (1986b),
and Tetra Tech (1988a). In situ treatment of contaminated sediments has not
been demonstrated. Technologies are being developed for possible in situ
treatment of soils, but the application of the technologies to contaminated
dredge material (CDM) have not been demonstrated.

A summary of the post-removal treatment technologies for contaminated
dredge material (CDM) are presented in Table 6. Demonstration of the
applicability of treatment technologies to the remediation of CDM would be
necessary prior to implementation. Chemical treatment technologies are
retained for use in managing contaminated dredge water only because
applications to CDM have not been demonstrated. Additional references for
treatment technologies include Data Requirements for Selecting Remedial
Action Technology (U.S. EPA 1987), Mobile Treatment Technologies for
Superfund Wastes (U.S. EPA 1986b), and Handbook for Stabilization/Solidifi-
cation of Hazardous Wastes (U.S. EPA 1986a).

4.1 SUMMARY OF PRELIMINARY SCREENING OF SEDIMENT REMEDIAL TECHNOLOGIES

Sediment remedial technologies and process options that passed prelimi-
nary screening are illustrated in Figure 20. A1l response actions applicable
to sediment remediation in Elliott Bay were retained. All in situ confinement
categories (i.e., berms, dikes, and capping) were retained. However,
specific process options were eliminated (i.e., synthetic membranes,
sorbents). Cutterhead and closed bucket clamshell dredges were retained for
further evaluation as removal technologies. In situ solidification/stabili-
zation processes were considered to be at a conceptual level of development
for the treatment of contaminated sediments, and were therefore not
explicitly represented during the development of remedial alternatives.
They were instead retained as a possible process option to be used in
conjunction with in situ containment. Other in situ treatment technologies
(e.g., oxidation, dehalogenation, and bioreclamation) were eliminated from
further consideration. The post-removal treatment options retained include
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RESPONSE REMEDIAL ACTION
ACTION OR TECHNOLOGY PROCESS OPTION
NO ACTION

Use Restriction

INSTITUTIONAL
CONTROLS
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Monitoring

Hazard Education Programs |

IN SITU
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Sediment | ClaySand/Gravel
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IN SITU J Chemical: Transformation: xidation |- Dehalgenaton|
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Remaedial tochnolo'qy or process option
eliminated in preliminary screening.

Figure 20. Potential sediment remedial technologies and
process options that are retained for further evaluation.
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solidification/stabilization, chemical, biological, thermal, and physical
treatment processes. Treatment technologies that address water generated
during dewatering (i.e., sorption, ion exchange) were retained, but were not
explicitly included in sediment vremedial alternatives because their
applicability must be determined by bench-scale testing for individual
problem areas. Disposal locations retained for further evaluation included
unconfined open-water, and confined shallow-water, nearshore, and upland
sites. Unconfined open-water sites were considered for treated sediments
only.
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5.0 AREA-WIDE SEDIMENT REMEDIAL ALTERNATIVES

A remedial alternative is a discrete combination of institutional
controls and remedial technologies applicable to the cleanup of a contami-
nated site (Tetra Tech 1988a). In this chapter, area-wide remedial alter-
natives are presented for Elliott Bay problem area sediments. The develop-
ment of alternatives is conducted in two steps. The first step is the
development of generic alternatives based on the general response actions
presented in Figure 19 of Section 4.0. The second step is the identification
of specific alternatives from the technology types and process options that
are most applicable to sediment remediation in the Elliott Bay area. The
objective of Section 5.0 is to obtain a set of remedial alternatives
representing all technology types considered suitable for evaluation.

5.1 DEVELOPMENT OF GENERIC SEDIMENT REMEDIAL ALTERNATIVES

As discussed in Chapter 4.0, sediment remedial technologies may be
grouped into one of six general response actions: no action, institutional
controls, in situ containment, removal, treatment, and disposal. Each
response action consists of one or more technology types and associated
process options. The possible approaches to sediment remediation based on
these six general response actions are represented by the five generic
remedial alternatives shown in Figure 21. The simplest alternative is no
action; the most complex alternative involves dredging, treatment, and
disposal. Costs and the level of permanency generally increase in progres-
sing from no action to alternatives involving dredging and treatment of CDM.

A 1list of -representative technology types and associated process
options that passed screening is presented below. These technologies are

considered to have the greatest potential for timely and effective remedi-
ation of contaminated El1liott Bay sediments.
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NO ACTION

INSTITUTIONAL
CONTROLS

INSITU
CONTAINMENT

REMOVAL —» DISPOSAL

REMOVAL " TREATMENT —.I DISPOSAL

NOTE: Monitoring is an essential element of all but the 'no action’ alternative.

Figure 21. Generic sediment remedial alternatives.
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s Containment

- Capping
- Berms and dikes

n -Sediment removal
- Watertight clamshell dredge
- Pipeline cutterhead dredge
- Specialty dredge heads
- Mudcat dredge

. Sediment treatment
- Solidification/stabilization (pozzolan-Portland cement)
- Land treatment
- Incineration (infrared)
- Dewatering
~ Solvent extraction
- Filtration
- Sedimentation

n Disposal
- Unconfined aquatic
- Confined aquatic
- Confined nearshore
- Confined upland.

5.1.1 Containment

For in situ containment of sediments, capping is the only applicable
technology. In the development of a capping alternative, use of uncontam-
inated dredge material for the cap was assumed, although the use of a
different medium could be considered in a more detailed analysis. In situ
solidification coupled with capping may be effective but is not evaluated
here because the process is not well understood.
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5.1.2 Sediment Removal

Hydraulic and mechanical dredging represent the two fundamental
approaches to sediment removal. The pipeline cutterhead dredge is the most
commonly used hydraulic dredge in the U.S. and the Pacific Northwest, and
several modifications for the removal of contaminated sediments have been
implemented (Phillips et al. 1985). Although the pipeline cutterhead dredge
was selected to represent hydraulic dredging, specialty hydraulic dredges
identified in the preliminary screening of dredging technologies should be
reconsidered during final design and equipment selection.

The clamshell dredge is the only mechanical dredge retained from
preliminary screening. The use of a watertight bucket modification was
assumed for development of alternatives involving mechanical dredging. This
modification of the conventional clamshell  is not expected to affect
dredging efficiency and will help decrease the amount of suspended solids
generated during dredging.

5.1.3 Sediment Treatment

Several sediment treatment technologies were selected for further
evaluation. Of the possible stabilization/solidification process options,
only sorbent stabilization, pozzolanic/cement systems, and proprietary
materials passed preliminary screening. Pozzolanic/cement systems were
identified as the representative process option because they are considered
to be the most protective from the standpoint of contaminant immobilization,
particularly when the CDM contains particle-associated organic constituents.
In some cases, however, stabilization rather than solidification may be
adequate for the reduction of contaminant mobility, and will generally be
less expensive. Proprietary formulations should also be evaluated during
treatability studies to select the most suitable treatment formulation.

No chemical treatment process options were selected for evaluation as
part of sediment remedial alternatives, because none were identified as

implementable for the treatment of CDM solids. In addition, many of the
problem contaminants in E1liott Bay sediments have strong particle affinities
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and may be substantially removed by the sedimentation process alone.
Nonetheless, treatment of dredge water may be necessary to meet water
quality criteria. Management of dredge water produced during hydraulic
dredging . was assumed to involve <chemically assisted sedimentation.
Mechanical dredging was assumed to result in minimal production of dredge
water and negligible treatment costs. The severity of dredge water
contamination is determined by the physical and chemical properties of the
contaminants and the degree to which they are partitioned between particu-
late, aqueous, and gas phases. Elutriate testing of CDM is necessary to
determine the need for dredge water treatment.

The only biological treatment option suitable for CDM is land treatment.
This option is retained for sediments with low concentrations of contaminants
that have proven feasible to biodegradation.

Infrared incineration was selected as the representative thermal
treatment. Mobile systems with high capacities are available and have been
demonstrated to be effective in the treatment of contaminated soils and
sludge-1ike materials.

Within the category of physical treatment, the following process
options were selected for further evaluation as components of one or more
sediment remedial alternatives:

[ Solvent extraction using the B.E.S.T.tm process

(] Sedimentation

. Dewatering

L] _So1ids.separation

n Carbon adsorption

n Filtration.
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The B.E.S.T.'M solvent extraction process is potentially applicable to the
removal of hazardous organic contaminants (e.g., PCBs, PAH, chlorinated
hydrocarbons, phenols) from COM. The process essentially concentrates the
organics in liquid form, which may then be incinerated at much less expense
than incineration of the CDM itself. Sedimentation is essential for the
upland disposal of hydraulically dredged sediments, and it may also be
necessary, in some cases, for nearshore disposal. Chemical coagulation to
remove solids remaining in suspension following primary solids removal is
assumed to be included in the sedimentation process option. Dewatering
methods, both passive and mechanical, are an essential feature of upland
disposal options when Resource Conservation and Recovery Act (RCRA} landfill
requirements must be met. Mechanical dewatering is not further evaluated
here, but should be considered in a more detailed evaluation of alternatives
involving upland disposal of CDM, especially when the volumes are small. In
the development of sediment remedial alternatives, passive dewatering in the
form of underdrains provided in upland confined systems was assumed. Carbon
adsorption is a useful treatment option for contaminated dredge water
treatment, although other technologies may be needed in conjunction with
this option. Filtration technologies may be useful in combination with
other process options as a measure to remove suspended solids.

5.1.4 Disposal

A1l four disposal options passed preliminary screening. However,
unconfined open-water disposal is not considered as part of any alternative,
because contaminated sediments dredged from the Elliott Bay problem areas
are not likely to be permitted in a designated unconfined disposal site.
Unconfined open-water disposal may be a feasible option for treated sediments
when the level of contamination has been reduced to below goals that are
being established under PSSDA.

5.1.4.1 Disposal Site Availability--
Potential sites for the disposal of Elliott Bay sediments are presently

being evaluated under the Puget Sound Dredge Disposal Analysis (PSDDA)
program and as part of the Puget Sound Water Quality Management Plan (Puget
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Sound Water Quality Authority 1987). Phase I of PSDDA designated sites and
established criteria for unconfined open water disposal of dredge material.
The scheduled date for adoption of the PSDDA Phase I guidelines by the PSWQA
is 1 April 1988. Under Element S-6 of the PSWQA Water Quality Management
Plan, Ecd]ogy has been tasked with determining the feasibility and needs for
multi-user confined disposal sites. The various elements of the PSWQA
contaminated sediments and dredging program are scheduled for completion
from 1988 to 1991. The sites designated in this report may or may not be
available for use, depending on institutional considerations of PSDDA and
PSWQA.

A listing of potential disposal sites available for dredge material
disposal, their estimated capacity, and Tland ownership is presented in
Table 7. The use of the different sites will depend on several factors,
including contaminant characteristics, possible future uses for the sites,
and the party performing the removal and disposal.

Open-Water Sites--

Sites and criteria for dredge material characteristics that are
suitable for unconfined open water disposal in Elliott Bay have been
designated under PSDDA Phase I studies. The preferred and alternate
unconfined open-water disposal sites in Elliott Bay are shown in Figure 22.
The capacity of the unconfined open-water site is projected to be sufficient
for dredging projects in Elliott Bay through the year 2000. Actual volumes
of sediment suitable for disposal will depend on the management conditions
adopted for the site (PSDDA 1988).

One possible site for confined aquatic disposal is the East Waterway
(Figure 22). Several depressions are present in the waterway which could be
filled with contaminated dredge material and capped. Considerations for the
future use of the East Waterway, the need to accommodate increasing ship
sizes, and the designation of the East Waterway as a problem area all
decrease the possibility of using this waterway for confined aquatic
disposal.
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TABLE 7. POTENTIAL DREDGE MATERIAL DISPOSAL SITES FOR ELLIOTT BAY

Potential Site Land Ownership/Steward Estimated Capacity (1,000 yd>)
Open Water Unconfined
PSDDA Phase ! State of Washington/ 3,113-6,1622

Department of Natural Resources

Confined Aquatic

East Waterway State of Washington/ 250
Department of Natural Resources

Nearshore

slip 25 Port of Seattle 175-2002
Terminal 91 Port of Seattle 800-1, 0000
Upland

Coal Creek Rabanco 15,000
Cedar Hills King County . 80,000

3 Total forecasted dredging volume that could be discharged at unconfined Elliott Bay site. Actual volumes to
be discharged at the open-water unconfined site will vary depending on site management condition adopted (PSDOA
Phase I Draft EIS).

b The actual capacity will vary depending on berm and cap thickness.
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Figure 22. PSDDA preferred and alternate unconfined open water
disposal sites in Elliott Bay and potential confined aquatic
disposal site.

64

DUW 80036807
BVL

B-DUW2-2073278



Nearshore Sites--

Potential nearshore sites for the disposal of contaminated dredge
material are shown in Figure 23. Actual capacity of the nearshore sites
(Table 7) will depend on engineering considerations (i.e., cap and berm
thickness).  Priority for dredge material disposal at the Pier 91 and
Pier 27 sites would be given to Port of Seattle dredging projects. Disposal
of CDM at either of the two sites by parties other than the Port of Seattle
may not be feasible due to capacity constraints following use by the Port of
Seattle. The use of the two nearshore sites for disposal will also depend
on future planning by the Port of Seattle for these two areas. If expansion
of Piers 90-91 is needed for Port of Seattle growth, then nearshore disposal
of COM in this area may become a more feasible alternative.

Upland Sites--

Municipal landfills and privately owned construction debris landfills
present limited opportunities for upland disposal. The Seattle-King County
Health Department is responsible for making the final decision on the
suitability of material for Tlandfill disposal. At present, material
containing up to 10 percent dangerous waste may be disposed of in the Coal
Creek Tlandfill. However, the 10 percent dangerous waste criteria is
currently undergoing revisions for individual compounds (Burke, S., 13 April
1988, personal communication). Materials that do not meet the PSDDA
criteria for open water disposal (problem wastes) would not be accepted for
landfill disposal without prior treatment due to liability issues. Problems
experienced by the Port of Seattle with sediments landfilled in West Seattle,
which required subsequent removal due to hazards posed to the community,
serve to illustrate liability issues associated with landfill (or construc-
tion site) disposal of CDM. Acquisition of land, engineering and construc-
tion of an upland disposal facility is one possibility. However, development
of an upland facility within a reasonable transportation distance (ap-
proximately 3 mi for hydraulically dredged material or 20 mi for dewatered
sediment) would 1likely be difficult from a public acceptance and cost-
effectiveness standpoint. The following sites were identified as potential

upland disposal facilities. Additional rural Tlandfills (i.e., Vashon,
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Figure 23. Potential nearshore sites for disposal of contaminated
sediments in Elliott Bay.
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Hobart) have only limited capacity or are undergoing closure, so they were
not considered.

Coal Creek--This privately owned construction debris Tlandfill is
located approximately 15 mi east of Seattle. The large capacity (i.e.,
15,000 yd3) of the landfill makes it suitable for dredging projects of any
scale. Siting and construction of a treatment facility for dewatered
sediment would be one possible option for disposal of CDM. However, bench-
scale testing of the treatment system would be required.

Cedar Hills--This regional landfill is located approximately 12 mi
south of Seattle. Dewatering or solidification/stabilization and treatment
of CDM would be required prior to disposal. Mitigation of additional
traffic impacts associated with disposal would also require consideration.

RCRA Facilities--Two RCRA landfills operate in U.S. EPA Region X.
Chemical Securities operates a minimum technical standards landfill under
interim permit status at its Arlington, OR facility. Envirosafe Services of
Idaho operates a facility near Grandview, ID, which is also under interim
status. Neither firm currently has a stabilization capability. Offsite
RCRA 1andfi1l should be considered as a reserve option only, in keeping with
the U.S. EPA’s offsite disposal policy.

5.1.4.2 Transportation--

Several methods are available in Puget Sound to transport sediments from
the Elliott Bay study area. The most practical choice will be dictated by
the dredging method and access to the disposal site. Sediments removed by
hydraulic dredge can most efficiently be transported by pipeline to a
nearshore, upland, or aquatic disposal site, if distances between the dredge
and disposal sites are only a few miles. Sediments removed by clamshell
dredge will have nearly in situ densities. Such sediments can be transported
by split-hulled barge to nearshore and aquatic disposal sites and by truck,
rail, or barge to upland disposal sites.
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5.2 IDENTIFICATION OF CANDIDATE SEDIMENT REMEDIAL ALTERNATIVES

The generic alternatives and sediment remedial technologies identified
above were combined to form the set of area-wide sediment remedial alter-
natives presepted below:

" No action

. Institutional controls

= In situ capping

" Removal with hydraulic dredge/confined aquatic disposal

) Removal with hydraulic dredge/nearshore disposal

. Removal with hydraulic dredge/upland disposal

" Removal with hydraulic dredge/solidification/upland disposal

n Removal with clamshell dredge/confined aquatic disposal

n Removal with clamshell dredge/nearshore disposal

] Removal with clamshell dredge/incineration/upland disposal

" Removal with clamshell dredge/solidification/upland disposal

n Removal with clamshell dredge/solvent extraction/unconfined
disposal

" Removal with clamshell dredge/land treatment.
Each alternative represents a plausible combination of remedial actions

designed to meet the objectives of the Elliott Bay sediment remediation
effort. The set as a whole encompasses the range of generic alternatives
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and adequately represents all viable remedial action technologies. The
effectiveness, implementability, and costs of viable alternatives are
evaluated for two problem areas (Section 7.0). Descriptions of each of the
above alternatives are presented in the remainder of this section.

5.2.1 No Action

The no action alternative supplies a baseline against which other
sediment remedial alternatives can be compared. Under the no action
alternative, the site would be left unchanged, with no remediation of
sediment contamination. This alternative does nothing to mitigate the
public health and environmental risks associated with the site. Absence of
source control is an implicit element of this alternative. Potential
impacts of the no action alternative include the persistence of the following
observed environmental effects in Elliott Bay:

= Exceedance of AET for problem chemicals

n Acute toxicity of sediments

= Bioaccumulation

n Depressions of the benthic communities

] Histopathological effects on fish

] Increase in liability for environmental damage.
5.2.2 Institutional Controls

Insfitutiona] controls include access restrictions, Tlimitations on
recreational use of nearshore areas, issuance of public health advisories,
monitoring, and most importantly, control of contaminant sources. Limita-
tions on access and recreation, such as fishing and diving, Tlimit human

exposure and reduce risk to public health, but do nothing to mitigate the
environmental impacts mentioned under the no action alternative. Some
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degree of long-term mitigation may be expected from reductions in source
loadings. The effect of source control on contaminant loadings and on
natural recovery of sediments is discussed in Tetra Tech (1988c). Monitoring
identifies contaminant migration patterns and areas of new or increased
contamination, and allows changes in risks assessment to public health and
the environment before major impacts are realized. In addition, monitoring
can be used to validate or refine estimates of the success of source control
based on the natural ability of sediments to recover.

5.2.3. In Situ Capping

In situ capping can substantially reduce the risks of environmental
exposure to sediment contaminants. The capping material may be clean
dredged material or fill (e.g., sand). In addition, it may be feasible to
include additives (e.g., bentonite) to reduce hydraulic permeability of the
cap or sorbents to inhibit contaminant migration. The use of in situ
sediment stabilization techniques as a component of an overall capping
strategy may further reduce the potential for migration of contaminants.

Both mechanical and hydraulic dredging equipment can be used for in
situ capping operations. Cohesive mechanically dredged material would be
placed at the disposal site by using a split-hulled barge. Hydraulically
dredged material would be placed at the disposal site by using a downpipe
and diffuser. Depending on site topography, diking may be necessary along a
margin of the capped sediments to provide lateral cap support.

In situ capping as a sediment remedial alternative has the advantage of
preserving the original physicochemical conditions of the probiem sediments.
This limits the potential for metals mobilization, which can result from
bringing predominantly anaerobic sediments into an aerobic environment
during dredge and disposal operations. Furthermore, contaminant redistri-
bution from the resuspension of sediments during dredging is avoided. In
situ capping is a proven technology, with completed projects in areas from
the Long Island Sound and New York Bight Apex (Sanderson and McKnight 1986)
to the West Waterway in Elliott Bay (Truitt 1986).
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Capping is inappropriate for environments with a high potential for
ship scour, currents, or wave action, because these disturbances can lead to
cap erosion. The potential for erosion due to shipping activities requires
additional study for areas under serious consideration for capping.
Maintenance dredging requirements for waterway channels may preclude the use
of this alternative in areas maintained for shipping (i.e., East and West
waterways). Capping should not be considered under circumstances in which
contaminant sources cannot be sufficiently controlled, and ongoing con-
taminant inputs are Tikely to result in renewed depressions of benthic
communities following capping.

For the purposes of evaluating the capping alternative and estimating
costs, it was assumed that clean dredged material would be used to construct
the cap. The capping material would be dredged using a clamshell to
maintain cohesiveness, transported to the problem area in a split-huiled
barge, and then deposited to create a cap a minimum of 3 ft thick.

5.2.4. Removal with Hydraulic Dredqe/Confined Aquatic Disposal

As with in situ capping, confined aquatic disposal (CAD) can substan-
tially reduce environmental exposure to sediment contaminants. In the CAD
alternative, contaminated sediment is dredged from one location using a
hydraulic dredge and then confined subaquatically at a different location.
The CAD options described in Section 4.0 differ from one another based on
depth and site physical characteristics. Hydraulic and mechanical dredging,
as well as hydraulic and split-hulled barge placement techniques, can be used
to implement CAD alternatives. ,

One drawback to CAD is that dredging destroys existing benthic habitat
and can result in the redistribution of contaminated sediments. There are
fewer monitoring and site controls available for the CAD option versus
upland or nearshore disposal sites.

Four CAD approaches (deep-water mound, deep-water confined, shallow-

water confined, and waterway confined) are described by Phillips et al.
(1985). Of these, the deep-water, and waterway CAD approaches appear to be
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the most suitable for sediment remediation in Elliott Bay. Shallow-water
disposal sites have not been identified, and they are considered to be less
protective because of proximity to the water surface and potential erosion
of the containment structure due to wave action. Deep-water disposal siting
is also uncertain. Potential CAD sites are presently being investigated for
the Puget Sound Water Quality Management Plan (Puget Sound Water Quality
Authority 1987) by Ecology. The waterway CAD option is feasible and has the
advantage of retaining the contaminated sediments at in situ conditions. A
capping project in the Duwamish waterway conducted by the U.S. Army Engineers
(Truitt 1986) has demonstrated the effectiveness of the capping technique
over the short term.

One possible alternative for the East Waterway problem area (Figure 3)
is confinement of the CDM within the waterway itself. This alternative
would entail dredging an area well below the zone of contamination,
depositing CDM in the excavated pit, and capping the CDM with clean dredged
material. This approach has been evaluated for problem areas in Commencement
Bay, however, a deep-water confined site was selected as the preferred
alternative because of concerns over future channel dredging projects and
the bulking of material following dredging.

For the purpose of evaluating the waterway CAD alternative, a cellular
implementation approach was assumed. This approach involves establishing an
imaginary grid over the probiem area to permit operations on one grid cell
at a time. Hydraulic dredging equipment would be used to dredge contaminated
sediments from the initial cell. The sediments would be placed in a deep-
water CAD unit. Underlying clean sediments would be removed from the first
cell and either temporarily stockpiled for later use, used as capping
material, or disposed of at an unconfined open-water site. Once excavation
to the predetermined depth was reached, the transfer of contaminated
sediments from an adjacent cell into the first cell would begin. A downpipe
would be used for hydraulic placement of the contaminated CDM. Clean
sediments from the second cell would then used to form a cap at least 3 ft
thick over the CDM in the first cell. This cycle would continue until all
problem area contaminated sediments had been confined.
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5.2.5 Removal with Hydraulic Dredge/Nearshore Disposal

Dredging followed by confined disposal in the nearshore environment is
another possible alternative for sediment remediation in Elliott Bay.
Genera]]y; nearshore sites need to be diked before they can receive dredged
material. There are essentially no limitations in the selection of dredging
and transport equipment although hydraulic dredging followed by pipeline
transport to the disposal facility is considered optimal (Phillips et al.
1985). Hydraulic dredging confines dredged material to a pipeline during
transport, thereby minimizing exposure potential and handling requirements.
Systems for management and treatment of dredge water can readily be incor-
porated into the facility design. Mechanical dredging with transport by
split-hulled barge may prove to be a more feasible alternative when pipeline
transport interferes with waterway uses.

Confined nearshore disposal permits a greater degree of control in both
the design and construction of the confinement system than does CAD. In
addition, monitoring efforts are easier to implement. Installation of
monitoring equipment along the perimeter of a nearshore confinement facility
permits the detection of contaminant migration through the dikes, a much
smaller physical structure to monitor than a vast subaquatic cap. Monitoring
combined with physical maintenance and routine inspections results in
improved long-term integrity of the confinement system. Appropriate dike
construction would be necessary to mitigate the effects of waves in eroding
the confining materials.

The primary environmental impact associated with implementation of this
alternative is the loss of existing benthic habitat at the dredge site and
the loss of intertidal habitat at the disposal site. Because of the
intertidal \location of the disposal site and the high value placed on
intertidal habitat, this alternative would require a habitat mitigation
component. A]sd, the influence of tides and groundwater on contaminant
transport is much greater for nearshore confinement than for CAD or upland
disposal. In addition, altered redox conditions may increase the mobility
of metals.
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For the purpose of evaluating this alternative, it was assumed that a
nearshore disposal facility would be Tocated within approximately 3 mi of the
dredging site, thereby facilitating transport of the CDM. A cutterhead
hydraulic. dredge and pipeline transport system would be used. Because of
the low solids content of hydraulically dredged sediments (15-25 percent
solids by volume), management of dredge water would be required. In this
case, dredge water would be clarified to remove suspended solids prior to
discharge to the marine environment. A chemical coagulant addition system
and secondary settling basin similar to that described by Schroeder (1983)
are included as an element of this remedial alternative.

A schematic depicting general features of a nearshore disposal facility
is presented in Figure 24. To accommodate a dredge water control system
using chemical coagulation, the secondary settling basin would resemble the
system illustrated in Figure 25. Other design features that were assumed for
the purpose of estimating construction costs include the absence of a liner,

a fill depth of 30 ft, and cap thickness of 3 ft.

5.2.6. Removal with Hydraulic Dredqe/Upland Disposal

Dredging followed by upland disposal involves the transfer of CDM to a
confinement facility that is not under tidal influence. Sediment would be
dredged either mechanically or hydraulically and transferred to the disposal
site by truck, rail, or pipeline. As in the case of nearshore disposal,
provisions would be made for the management of dredge water.

Upland disposal of CDM provides for the greatest level of contaminant
control in the absence of treatment. Design features would include
installing a Tiner and cap. The liner system could include an underdrainage
for dewatering the fill material and for controiling leachate over the long-
term. The underdrainage would be designed to operate as either a passive
collection system or a vacuum-assisted dewatering system.

The primary environmental impact of this remedial alternative would be
the destruction of existing benthic habitat at the dredging site. As with
all alternatives that involve dredging, resuspension of contaminated
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Figure 24. General features of confined nearshore disposal site.
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sediment would also be a concern. In contrast to the nearshore disposal
option, the destruction of habitat at the upland disposal site is unlikely
to be as environmentally significant.

For the purpose of evaluating this alternative, it was assumed that an
upland disposal site would be developed within 3 mi of the problem area.
Dredging would be conducted using a pipeline cutterhead dredge and CDM would
be hydraulically transported to the disposal site. Clamshell dredging can
also be conducted with upland disposal as the ultimate destination, but the
requirement for double handling of the CDM (i.e., removal to barge and then
transfer to truck or railcar) would be a distinct disadvantage. A schematic
of an upland confinement facility is presented in Figure 26. Dredge water
clarification (e.g., using the secondary settling basin design shown in
Figure 25) would be an essential feature of the facility. The disposal
facility would be constructed to contain CDM to a depth of 15 ft. A dual
synthetic liner and passive underdrainage system would be included to permit
removal of percolating dredge water and allow for long-term Teachate
collection. The technology for utilizing an upland disposal facility is
well-developed and has been applied in similar situations to wet soils, but
is unproven for use with CDM.

Following sedimentation and removal of collected dredge water, passive
collection of percolating water would continue until the fill had consoli-
dated to an extent that allowed capping operations to commence. The cap
would be 3 ft thick and composed of clay.

5.2.7 Removal with Hydraulic Dredge/Solidification/Upland Disposal

Solidification as an option for treatment of CDM is considered here in
conjunction with hydraulic dredging and upland confinement. Solidification
can signfficantly reduce the toxicity and mobility of problem chemicals by
chemically immobilizing the metals in the solidified matrix and encapsulating
the particle-associated organic compounds.

Treatment by solidification may be conducted at either nearshore or
upland disposal sites. Either hydraulic or mechanical dredging equipment can
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(a) Confined upland disposal, (b) Components of
a typical diked upland disposal site.
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be used for removal of the contaminated sediment. In the former case,
removal of most of the dredge water by sedimentation would be required prior
to blending in the solidification agents. As discussed in Section 4.0
several solidification agents and implementation scenarios are feasible for
this treatment option. Solidification technologies have not been proven for
use with contaminated sediments.

For the evaluation of this alternative, contaminated sediments were
assumed to be hydraulically dredged and pumped to the upland site through
pipelines. The advantage of this procedure is that sediment removal and
discharge at the treatment site would be self-contained and continuous.
Clamshell dredging could be used, but it has the disadvantage of requiring
double handling of the CDM. In the confinement structure, which also serves
as a sedimentation basin, dredged material would settle, and dredge water
would be chemically clarified before return to the marine environment. The
basin would be equipped with an underdrainage system for the further
dewatering of CDM. When moisture content of the fill reached a specified
value, the solidification agent would be added and blended, using mixing
equipment designed for in situ solidification applications. To permit
complete coverage of the confinement zone, cellular design of the disposal
facility may be required, along with a mounting and track system for the
mixing device. This approach to solidification of CDM has been considered,
(Ludwig et al. 1985) but never implemented.

Design features for the disposal facility would depend on the hazard
level of the fill. In developing this alternative, it was assumed that the
treated material would be delisted as a RCRA hazardous waste and that the
confinement facility could be designed to satisfy minimum technical
standards. The 1liner would be 1 ft thick and composed of clay. An
underdrainage system atop the clay liner would remove dredge water, driving
the sedimentation phase of the process. The facility would accommodate a
15-ft fill depth and be capped with 1 ft of soil or clay.
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5.2.8 Removal with Clamshell Dredge/Confined Aquatic Disposal

Use of a clamshell dredge for removal of sediments, followed by CAD
would entail many of the same design features as appropriate for hydraulic
dredging. Dredge water volume would be reduced with the clamshell, and
deposition of the sediments at the CAD site would be by split-hulled barge.

For the purpose of evaluating this alternative, a deep water CAD unit
is assumed. Clean capping material would be obtained by overdredging at the
problem area using a watertight clamshell dredge, then transported and
placed at the CAD site using a split-hulled barge. The thickness of the cap
is assumed to be 3 ft.

The primary environmental impact of the remedial alternative would be
destruction of the existing benthic habitat at the dredging and disposal
sites. Resuspension of sediment would be a concern during both dredging and
disposal operations.

5.2.9 Removal with Clamshell Dredge/Nearshore Disposal

Removal of sediments with a clamshell dredge followed by nearshore
disposal would involve essentially the same design features as appropriate
for hydraulic dredging and nearshore disposal. The confining dike would be
constructed to allow passage of a split-hulled barge for sediment disposal.
Dredge water management is not anticipated to pose any obstacles for
clamshell dredging. Design and monitoring concerns for the nearshore
facility are described in Section 5.2.5.

For the purpose of evaluating this alternative, a nearshore disposal
facility within 5 mi of the dredging site is assumed. Other design features
that were assumed for the purpose of estimating construction costs include
the absence of a liner, a fill depth of 30 ft, and a cap thickness of 3 ft.
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5.2.10 Removal with Clamshell Dredge/Solvent Extraction/Upland Disposal

For sediments containing primarily organic contaminants, solvent
extraction followed by incineration of the organic concentrate is a feasible
alternative. Depending on the concentration of metals in the problem
sediments, all disposal options may be considered. This approach to sediment
remediation, like incineration, results in permanent removal and destruction
of organic compounds.

For the purpose of evaluating this alternative, use of the B.E.S.T.tm
technology marketed by Resource Conservation Company was assumed. This
process takes advantage of the inverse immiscibility properties of aliphatic
amines to separate organics from aqueous slurries of contaminated material
and from organic sludges. Effluents from the process would incliude waste-
water, treated solids, and a concentrated waste organic mixture. Depending
on the quality of the wastewater, additional treatment may be required.
Solids retain a low residual concentration of extracting solvent and,
depending on metals content, may be either returned to the removal site for
unconfined disposal or landfilled in a secure facility. The extracting
solvent, typically triethylamine, is not a listed hazardous waste constituent
(40 CFR Part 261.3), which simplifies waste solids and wastewater disposal.

It was assumed that contaminated sediments would be dredged using a
clamshell, transported via barge, and off-loaded using a clamshell to an
onshore treatment facility. The CDM would be treated, dried, and transported
to an upland disposal facility. Because the process effectively dewaters the
solids, stabilization was considered unnecessary.

5.2.11 Removal with Clamshell Dredge/Thermal Treatment/Upland Disposal

Thermal treatment permanently eliminates organic contamination in
sediments. This alternative has limited application in E1liott Bay, because
most problem areas are characterized by significant metals contamination.

For this alternative, sediments were assumed to be mechanically
dredged. To minimize the water content of the dredged material, a water-
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tight clamshell bucket was assumed. Wastes low in moisture content are
preferred for thermal treatment because treatment costs increase signifi-
cantly as the amount of water that must be driven off increases. If
hydraulic dredging were selected, an additional process step to settle and
recover the solids from the dredge slurry would be necessary. Even with
clamshell dredging, some dewatering may prove to be cost-effective.

The dredged sediment would be transported to shore by barge and then to
an upland site for incineration. It is possible that an incinerator could
be located adjacent to the problem area and transport by truck could be
avoided. Analysis of the incinerated residue may reveal that the material
no longer requires special handling and confinement. Open-water disposal
may be a feasible option for disposal of incinerated CDM, but in this
alternative, disposal in a minimum security landfill was assumed for evalu-
ation.

5.2.12 Removal with Clamshell Dredge/Biological Land Treatment/Upland
Disposal

A biological treatment option using land treatment technology is
considered here for the remediation of sediments contaminated with biode-
gradable organic compounds. Land treatment involves the incorporation of
waste into the surface zone of soil, followed by management of the treatment
area to optimize degradation of waste constituents by natural soil micro-
organisms. - Chemical and physical characteristics of the waste need to be
evaluated to determine the amount that can safely be loaded onto the soil
without adversely impacting groundwater. Soils possess substantial cation
exchange capacity, which can effectively immobilize metals. Therefore,
wastes containing metals can be land-treated, but careful consideration of
the assimilative capacity of the soil for metals is essential.

For evaluating this alternative, it was assumed that sediments would be
removed using a clamshell to minimize water content of the dredged material.
After transport by barge and truck to the land treatment facility, the
sediment material would be distributed and tilled into the upper 15-30 cm of
soil. The land treatment facility design would prevent stormwater runon
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and allow collection and management of runoff. Lysimeters and monitoring
wells would be installed and periodically sampled to aid in the detection of
subsurface contaminant migration.
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6.0 DEVELOPMENT OF SEDIMENT REMEDIAL ACTION EVALUATION CRITERIA

A detailed analysis of the candidate sediment remedial alternatives
followed by selection of the preferred alternative is the final stage of the
sediment remedial evaluation process. A detailed analysis of evaluation
criteria, adapted from the approach used for the Commencement Bay Feasibility
Study (Tetra Tech 1988a), is presented in Appendix C. Section 6.0 presents
an outline of the criteria used to analyze the alternatives and select the
preferred one. A narrative evaluation matrix is included in Section 7.0 to
provide a summary of the key considerations for each criterion of the
candidate alternatives selected for detailed analysis.

Evaluation criteria for the detailed analysis can be grouped into three
general categories: effectiveness, implementability, and cost. For the
evaluation of sediment remedial alternatives in Elliott Bay, four effec-
tiveness criteria: short-term protectiveness; timeliness; Tlong-term
protectiveness; and reduction in contaminant toxicity, mobility, or volume
were evaluated. The three implementability criteria comprise technical
feasibility, institutional feasibility, and availability of disposal
facilities. Other types of implementability criteria, such as coordination
among agencies and public acceptance, are not discussed in this document
because they are nontechnical aspects of the remediation action. Cost
elements include design and specification preparation, capital construction,
habitat mitigation, operation and maintenance (0&M), and monitoring.

6.1 EFFECTIVENESS CRITERIA

Short-term protectiveness is the predicted ability of the candidate
sediment remedial alternative to minimize public health and environmental
risks caused by exposure to contaminants during the implementation phase.
Considerations for short-term protectiveness include potential public
exposure to contaminants during dredging, transport, treatment, and disposal,
and potential failures of equipment or technologies during implementation.
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Timeliness refers to the estimated time required for the candidate
alternative to meet the remedial objectives. Included in the timeliness
criterion is the time required for demonstrations and modeling, development
of facilities, and implementation of the alternative. Source control is an
integral combonent of sediment remedial alternatives. However, it is
assumed during the evaluation of alternatives for the Elliott Bay problem
areas that source control is occurring concurrently.

Long-term protectiveness is the predicted ability of the candidate
sediment remedial alternative to minimize potential hazards in both the
problem area and the ultimate disposal site after the objectives of the
alternative have been met. This evaluation includes an assessment of long-
term reliability of containment facilities, protection of public health, and
protection of the environment.

Reductions in toxicity, mobility, and volume are used in assessing
protection achieved through treatment technologies versus protection
achieved through prevention of exposure. The degree to which treatment
processes are irreversible, the type and quantity of residuals remaining
following treatment, the methods for managing residuals, and the appli-
cability of the treatment technology to the contaminants in the sediment are
considered.

6.2 IMPLEMENTABILITY CRITERIA

Technical feasibility is the ability of the candidate sediment remedial
alternative to be fully implemented based on site-specific chemical and
physical characteristics, as well as general construction and engineering
constraints. Feasibility and reliability of process options, implementation
of monitoring programs, and implementation of operation and maintenance
(O&M) programs are considered.

Institutional feasibility is the ability of the candidate sediment
remedial alternative to meet the intent of all applicable criteria,
regulations, and permitting programs. Considerations under the institutional
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feasibility criterion include approval of relevant agencies, and compliance
with applicable or relevant and appropriate requirements (ARARs). The
criterion for approval of relevant agencies addresses the need for, and
feasibility of, obtaining concurrence from appropriate agencies such as
U.S. EPA and Ecology on whether the candidate alternative will meet the
substantive aspects of permit requirements. ARARs are divided into
categories of chemical-specific, location-specific, and action-specific
criteria.

Chemical-specific ARARs are health-based or risk-based concentrations
or ranges of concentrations in environmental media for specific chemicals.
Examples of chemical-specific ARARs are federal water quality criteria
(WQC), air quality standards (federal, state, and 1local), and maximum
contaminant Tevels (MCL) or MCL goals (MCLG), established by the Safe
Drinking Water Act (SDWA) and RCRA. The National Institute of Occupational
Safety and Health (NIOSH) sets the permissible exposure level (PEL) for
hazardous substances in the workplace. The American Council of Governmental
Industrial Hygienists (ACGIH) has defined a threshold level value (TLV) for
exposure to hazardous substances. Selected chemical-specific ARARs are
presented in Table 8.

Location-specific ARARs set restrictions or remedial activities based
on the characteristics of the environment in the vicinity of the site.
Selected potential location-specific ARARs are presented in Table 9.

Action-specific ARARs set restrictions based directly on the nature of
the alternative. Examples of action-specific ARARs include RCRA regulations
for disposal of hazardous waste. Selected potential action-specific ARARs
are presented in Table 10.

The availability criterion addresses the availability of the equipment
and expertise required to perform the candidate alternative, as well as the
availability of the necessary treatment, storage, or disposal facility.
Current stage of development and potential vs. current availability are also
considered.
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TABLE 8.

SELECTED POTENTIAL CHEMICAL-SPECIFIC ARARsS
FOR PROBLEM AREA CHEMICALS

Chemical

RCRA
MCL
(mg/L)

SDWA
MCL
(mg/L)

Marine wWac
Chronic
(mg/L)

SOWA NIOSH?
MCLG PEL,
(mg/L) (mg/m~)

ACGIH2
T

(mg/m)

Ant imony

Arsenic

Cadmium

Copper

Lead

Mercury

Nickel

Zinc
Tetrachloroethene
Hexachlorobenzene
1,2-Dichlorobenzene
1,3-Dichlorobenzene
1,4-Dichlorobenzene
Hexachlorobutadiene
HPAH

LPAH
Methylphenanthrenes
Dibenzothiophene
Dibenzofuran
4-Methylphenol
Phenol
2-Methylphenol
Naphthalene
2-Methylnaphthalene
Biphenyl
Pentachlorophenol
Dibenzothiophene
Ethylbenzenes
Xylenes

0.05
0.01
0.05
0.002
0.0134

-
-~
.o
-
.
-

Bis(2-ethylhexyl)phthatate --

Benzyl alcohol

N-nitrosodipheny!amine

Retene

Butyl benzyl phthalate

Phthalate esters
PCBs

-

-

0.002

.013
.0093
.0029
.0056
.5E-05
.0071
.058

COCONOOOO

0.032°¢
5.8

3.4E-04

0.43

0.034
3.0E-05

.- 0

0
0.005 0.
1 1
0.02 0
0.003 0

-- 435

0.5P
0.002¢

100P

3 8-h time-weighted average unless otherwise indicated - units

b 10-h time-weighted average.

€ 15-min ceiling.

d Ceiling value,

€ Lowest observed effect level.
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TABLE 9.

SELECTED POTENTIAL LOCATION-SPECIFIC ARARsS
FOR CANDIDATE REMEDIAL ALTERNATIVES

Status
Location Requi rement Prerequisites Citation (A/RAY3
Within 100-year Facility must be RCRA hazardous waste 40 CFR 264.18(b) RA
floodplain : constructed, treatment, storage,
maintained, and and disposal
operated to prevent
washout
Within floodplain Action to avoid ad- Action will occur in Executive Order A
verse effects, mini- lowlands and flat 11988; 40 CFR 6
mize potential harm, areas adjoining Appendix A
restore and preserve inland and coastal
natural and benefi- waters
cial values
Within coastal zone Conduct activity in Activities affecting Coastal Zone Manage- A
manner consistent coastal zone, ment Act (16 USC Sec-
Wwith Wwashington including shore- tion 1451)
shoreline Management lands, tidelands,
Act and submerged lands Washington Shoretine A
Management Act
Seattle Shoreline A
Master Program
Oceans or waters of Action to dispose of Oceans and waters of Clean Water Act Sec- A
the United States dredged and fill ma- the United States tion 404, 401, 40 CFR
terial requires a 125
permit
Marine Protection RA
Resources and Sanc-
tuaries Act Section
103
Disposal of dredged Rivers and Harbors A
material under permit Appropriations Act
authority of the U.S. Section 10
Army Corps of Engi-
neers
Washington State Action affecting the Department of Fish- A
waters natural flow of water eries and Game
requires a permit Hydraulics Permit
RCW 75-20.100,
WAC 220-110
Puget Sound Oredged material must Dredged material Puget Sound Dredged RA
meet chemical and disposal in Puget Disposal Analysis
biological criteria Sound
for disposal in Puget
Sound
Seattle Construction activi- Construction in Seattle Land Use Plan A
ties within Seattle Seattle city limits
. city Limits must com-
ply with city land
use and permit re-
quirements
8 A = Applicable
RA = Relevant and appropriate.
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TABLE 10.

FOR CANDIDATE REMEDIAL ALTERNATIVES

SELECTED POTENTIAL ACTION-SPECIFIC ARARS

Location

Requirement

Prerequisites

Citation

Status
(A/RAY®

Upland disposal
(closure) of RCRA
hazardous waste

Upland disposal
(containment) of RCRA
hazardous waste

Upland disposal (post
closure)

Upland disposal of
extremely hazardous
waste

Upland disposal of
solid waste or dangerous
waste

Dredging and disposal
of dredged material
open water and nearshore

Removal of atl con-
taminated material

Construction of new
landfill onsite

Design, maintenance,
and operation require-
ments

Monitoring require-
ments

Designation of mater-
ial as extremely
hazardous

Disposal in state-
approved facility

Designation of mater-
fal as not extremely
hazardous waste

Disposal in an ap-
proved surface im-
poundment

Disposal in an ap-
proved surface im-
poundnent

Dredging in waters of
the United States
requires a permit

Action to dispose of
dredged material re-
quires a permit

Oredging or aquatic
disposal of dredged
material requires
state water quality
certification

Guidelines and cri-

teria for testing
dredged material and
establishing disposal
sites

Requirement for a
hydraulics permit

RCRA hazardous waste
placed at site, or
movement of waste
from one area to
another

RCRA hazardous waste
ptaced in new landfill

RCRA hazardous waste

State extremely
hazardous waste (EHW)

State EHW

Material must not be
classified as EHW

Material must not be
classified as EHW

Material must not be
classified as EHW

Waters of the United
States

Oceans of the United
States

Puget Sound

Interference with
natural water flow of
Washington state waters

40 CFR 264.11,
40 CFR 264.228,

and 264.258,

40 CFR 264.228(a)(~
2), and 264.258(6),
40 CFR 264.310

52 CFR 8712

40 CFR 264.301,
264,303, 264.304,
264.310, 264.314,
268 Subpart D,
264.220, 264.221

40 CFR 246.1

WAC 173-303-081

WAC 173-303-140

WAC 173-303-081

WAC 173-303-650

King County Health
Department Regulations
for Sanitary Land-
fills

Clean Water Act Sec-
tion 404, 40 CFR 125

Clean Water Act Sec-
tion 401, 40 CFR 125

Marine Protection
Resources and Sanc-
tuaries Act

Puget Sound Dredged
Disposal Analysis
(pending)

RCW 75-20.100
WAC 220-110

A

RA

RA
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TABLE 10. (Continued)
Status
Location Requi rement Prerequisites Citation (A/RA)YD
Requirement for a Disposal site within Seattle Shoreline A
shorel ine substantial Seattle city limits Master Program
development permit
Upland disposal Groundwater monitoring RCRA hazardous waste 40 CFR 264.90-264, - A
(groundwater at RCRA disposal 101, 265.90-265.94
protection) facilities
General protection A
requirements
Transportation of Regulations for the Hazardous waste 49 CFR 107, 171.1- A
hazardous waste transportation of transport on federal 171.500
hazardous waste on highways
federal highways
Regulations for the Hazardous waste WAC 412-195 A
transportation of transport on Washington
hazardous waste on state highways
Washington state
highways
Incineration of dredged Requirements for RCRA hazardous waste 40 CFR 264.340-
materiat incineration of RCRA 264.999, 265.270-
hazardous waste 265.299
PSAPCA permit issuance
Requirements for in-
cinerators to achieve
local standards, new
source requirements
Direct discharge of Requirements and cri- Direct discharge to 40 CFR 125.123(b), A
treatment system teria including com- waters of the United 125.122,
effluent pliance with federal States 125.123¢d) (1), 125.124
Wac and BATY; NPDES®
permit requirements
Discharge to a parwd Requirements for dis- Discharge to Metro POTWs 40 CFR 403.5, 40 CFR A
’ charges to POTWs 264.71, 264.72
Metro Pretreatment Metro POTW Pretreat- A
Program ment Program
tand treatment Design, monitoring RCRA hazardous waste 40 CFR 264.271, A
and treatment require- 264.273, 264.276,
ments 264,278, 264.281,
264,282, 264.283
Treatment Proposed standards RCRA hazardous waste 50 CFR 40726, 40 CFR Ac

for treatment other
than incineration and
land treatment

264, 40 CFR 268.10-
268.13, 42 U.S.C.

3004¢d)(3), 3004(e)(3),
6924(d)(3), 6924(e)(3)

8 A = applicable
p RA
Best

= Relevant and appropriate.
available technology.
C National Pollution Discharge Elimination System.

Publically owned treatment works.
€ These are proposed standards and will probably be applicable once promulgated.

90

DUW 80036833
BVL

B-DUW2-2073304



6.3 COST CRITERIA

Order-of-magnitude costs were estimated for each combination of
sediment remedial alternatives for the selected problem areas. Costs were
grouped into construction and implementation (initial cost), and 0&M costs.
Included in the initial costs are the costs associated with engineering
design, development of specifications, dredging, transport, treatment,
intertidal habitat replacement, and disposal. O0&M costs include all post-
disposal onsite activities, including monitoring, and facility upkeep and
maintenance. Cost estimates for specific items within each category were
normalized to 1988, using an annual inflation rate of 6 percent. For yearly
costs associated with monitoring, operation, and maintenance, the present
worth was calculated using a 10 percent interest rate. A discussion of the
estimation methods, assumptions, and information sources used is presented
in the Commencement Bay Feasibility Study, Appendix D (Tetra Tech 1988a).
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7.0 SELECTION OF PREFERRED ALTERNATIVES

7.1 EVALUATION OF ALTERNATIVES FOR DENNY WAY PROBLEM AREA

The 12 sediment remedial alternatives identified in Section 5.0 broadly
encompass the general approaches and technology types available for sediment
remediation. In the following discussion, this set of alternatives is
evaluated to determine the suitability of each for the remediation of
contaminated sediments in the Denny Way and North Harbor Island problem
areas. The objective of this evaluation is to identify the preferred
alternative for each area based on the criteria of effectiveness, imple-
mentability, and cost.

To evaluate sediment remedial alternatives in the Denny Way problem
area, the indicator chemicals mercury, fluoranthene, chrysene, butyl benzyl
phthalate, bis(2-ethylhexyl)phthalate, and total PCBs were selected. Areal
distributions of the indicator chemicals based on target cleanup goals are
shown in Figures 6-11. The approximate areal extent of sediments which
exceeded the sediment cleanup goals for organic and inorganic contaminants
is presented in Figure 27. Interpolation of contaminant concentrations
between sampling stations was used to define areal distribution of indicator
chemicals. The concentrations of indicator chemicals were assumed to vary
linearly between sampling stations. Sediments exceeding sediment cleanup
goals cover an area of approximately 220,000 ydz. Sediment core data were
not available for all sampling stations, therefore, the depth of contamina-
tion was assumed to be 3 ft. The assumed depth of sediment contamination
represents an approximation which pertains to costing aspects only.
Sampling “prior to sediment removal will be necessary to provide more
precise information on contaminant depths. For remedial alternatives
requiring sediment removal, a volume of 220,000 yd3 of sediments exceeding
sediment cleanup goals was used for costing.
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Figure 27. Approximate areal extent of sediments exceeding
sediment cleanup goals at Denny Way problem area.
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Sediments with contaminant concentrations exceeding sediment cleanup
goals are found at depths ranging from intertidal to approximately 150 ft.
Dredging is possible to depths of approximately 100 ft with a clamshell
dredge and 50 ft using a large hydraulic dredge. If dredging below 100 ft is
necessary, the use of a specialty dredge such as the pneuma pump would be
required. For sediments in water depths below 100 ft with concentrations of
contaminants exceeding sediment cleanup goals, in situ capping is also
possible. Candidate alternatives which involve hydraulic dredging as a
component technology are not considered for further evaluation because
depths in the Denny Way problem area extend beyond 50 ft. The substitution
of clamshell dredging for hydraulic dredging as the sediment removal
technology is feasible for all alternatives. The need for dredge water
management and dewatering considerations associated with hydraulic dredging
are reduced for clamshell dredging when compared with hydraulic dredging.
Additional dredged material handling for candidate alternatives involving
upland disposal of treated or untreated sediments is required.

The presence of both organic and inorganic contaminants in concentra-
tions exceeding sediment cleanup goals at the site (Table 2) dictate that a
treatment process for organics and inorganics is appropriate, if sediment
removal and treatment are component technologies of the remedial alternative.
Total metals concentrations will 1limit the applicability of solvent
extraction, thermal treatment, and land treatment, therefore, the alterna-
tives incorporating these treatment processes are not evaluated for the
Denny Way problem area. Solidification technologies may be successful,
however, the concentrations of organic contaminants may 1imit applicability.

Eight of twelve sediment remedial alternatives are evaluated below for
the cleanup of the Denny Way problem area:

u -No action
n Institutional controls

n In situ capping
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n Clamshell dredging/nearshore disposal
n Clamshell dredging/upland disposal
n Clamshell dredging/solidification/upland disposal

n Clamshell dredging/confined aquatic disposal

Clamshell dredging/solvent extraction/upland disposal.

The primary evaluation criteria are effectiveness, implementability,
and cost. A narrative matrix assessing each alternative is presented in
Table 11. A comparative evaluation of alternatives based on ratings of
high, moderate, and low in the various subcategories of evaluation criteria
is presented in Table 12. The subcategories of evaluation criteria are
short-term protectiveness; timeliness; long-term protectiveness; reduction
in toxicity, mobility, or volume; technical feasibility; institutional
feasibility; availability; capital costs; and O&M costs. Remedial costs
were developed for sediments currently exceeding sediment cleanup goals.

7.1.1 Short-Term Protectiveness

The comparative evaluation for short-term protectiveness resulted in
low ratings for no action and institutional controls, because adverse impacts
would continue with the sediments remaining in place. Source control
measures initiated as part of the institutional controls would decrease
inputs of contaminants, but adverse impacts would persist in the short-term.

A1l alternatives involving dredging received moderate ratings primarily
because of the resuspension of contaminated sediment during removal. The
clamshell dredging/CAD alternative would also result in sediment resuspension
at the disposal site. A1l dredging alternatives would result in the loss of
benthic habitat in the Denny Way problem area over the short-term. The CAD
alternatives could also result in the loss of benthic habitat at the
disposal site. Selection of an appropriate CAD site in a separate contami-
nated area could result in the mitigation of the additional area following
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TABLE 11. REMEDIAL ALTERNATIVES EVALUATION MATRIX FOR THE DENNY WAY PROBLEM AREA

CLAMSHELL DREDGE/

CLAMSHELL DREDGE/

CLAMSHELL DREDGE/

EFFECTIVENESS

LONG-TERM PROTECTIVENESS

SHORT-TERM PROTECTIVENESS

NO ACTION N T ONAL ot NAMSHELL DREDGE/ | CLAMSHELL DREDEE/ | = soLipiFIcATION/ CONFINED AQUATIC |SOLVENT EXTRACTION/
RSHOR AL{ UPLAND DISPO UPLAND DISPOSAL DISPOSAL UPLAND DISPOSAL
COMMUNITY NA There are no elements of insti- Community exposure is nota Public access 1o dredge and Public access 1o dredge and Public access o dredge, reat- Public access to dredge and Public access to dredge, treat-
PROTECTION tutional control measures that concern In the Implementation disposal sites I8 restricted. disposal sites Is restricted. ment, and disposal sites Is re- disposal sites Is restricted. ment, and disposal sites Is re-
DURING have the potential to cause of this alternative. COM expo- Public exposure potential Is low. | Exposure from CDM spills o stricted. Exposure from CDM Community exposure is negli- stricted. Extended duration of
IMPLEMENTA- harm during implementation. sure and handling are minimal. mishandling Is possible, but spills or mishandling s possible, | gbia. freatment operations may result
TION overall potential Is low. but overall potential is low. Ex- in moderate expasure potential.
tended duration of operation
may result in moderate expo-
sure potential.
WORKER NA There are no elements of Insti- Workers are not exposed to Operational controls can be im- Operational controls can beim- | Operational controls can be Im- Operational controls can be im- Additional COM handling asso-
PROTECTION tutional control measures that contaminated sediments. plemented during dredgingand | plemented during dredgingand | plemented during dredgingand | plemented during dredging and | ciated with treatment increases
DURING have the potential to cause transport to minimize potential transport to minimize potential | Tansport to minimize potential transport to minimize potential | worker risk over dredge/disposal
IMPLEMENTA- harmm during implementation. for worker exposure. Workers for worker exposure. Workers for worker exposure. Workers for worker exposure. Workers - | options. Workers wear protec-
TION wear protective gear. wear protective gear. Additional | wear protective gear. Additional | wear protective gear. tive gear.

CDM handling associated with
dewatering and transport in-
creases worker risk over aquatic
or nearshore disposal.

CDM handiing associated with
treatment increases worker risk
over dredge/disposal options.

ENVIRONMENTAL

Original contaminaton remains.

Source control Is Implemented.

Existing contaminated habitat

Existing contaminated habitat

Existing contaminated habitat

Existing contaminated habitat

Existing contaminated habitat

Existing contaminated habitat

dered acceptable,

Underdrain or liner cannot be
repaired.

struction material or disposal at
a standard solld waste landfill.

ed acceptable.

PROTECTION Source Inputs continue. Ad- Contaminants remain and ad- is destroyed and replaced with is destroyed. Nearshore dis- is destroyed. Contaminated is destroyed. Contaminated and disposal site habitat are Is destroyed. Cantaminated
DURING verse biological Impacts con- verse biological Impacts con- clean material. posal habltat Is lost. Contami- sediment is resuspended during | sediment is resuspended during | destroyed. Contaminated sedi- | sedimentis resuspended during
IMPLEMENTA- tinue, tinue at existing levels. nated sediment is resuspended. | dredging operations. dredging operations. ment is resuspended during dredging operations.
TION , dredging and disposal opera-
tons. Dredge water manage-
ment Is improved over hydraulic
dredging.
TIMELINESS The no action alternative Is In Access restrictions and mon- In situ capping can be imple- Dredge and disposal operations | Dredge and disposal operations | Bench and pilot scale testing CAD can be accompiished within | Bench and pilot scale testing
8 force in the absence of any ltoring efforts can be imple- mented within approximately 1 could be accomplished within could be accomplished within are required. Full scale equip- approximately 1 to 2 years. are required. Full scale equip-
w other action. Sediments are un- | mented quickly. Source con- to 2 years. approximately 2 years. Disposal| approximately 2 years. Disposal| mentis available. Remediation ment is avallable. Remediation
2z likety to recover in the absence trols can be implemented within siing and facllity construction siting and facility construction could be accomplished within could be accomplished within
= of source control. 1 to 2years. Partial sediment delay (mplementation. delay implementation. 110 2years. 110 2years.
wul recovery is achieved naturally,
= but significant contaminant
= levels persist.
LONG-TERM CDM containment Is not an CDM containment is not an The long-term reliability of the Nearshore confinement fadilities | Upland confinement facilldes Upland confinement fadcilities The long-term reliability of the Treated COM low in metals can
RELIABILITY OF aspect of this alternative. aspect of this alternative. cap to prevent contaminant re- structurally reliable. Dike and may be considered stucturally may be considered structurally cap to prevent contaminant re- be used as lpen construction
CONTAINMENT expasure in the absence of €ap repairs can be readlly ac- reliable. Dike and cap repairs reliable. Treated COM may be exposure in the absence of material or disposed of ata
FACILITY physlical disruption Is consl- complished. can be readily accomplished. suitable for use as inert con- physical disruption Is consider- | standard solid waste landfill.

PROTECTION OF
PUBLIC HEALTH

The potential for exposure to
harmful sediment contaminants
via Ingeston of contaminated
food species remains.

The potental for exposure to
harmtul sediment contaminants
via ingestion of contaminated
food specles remains, albeit at
a reduced level as a result of
consumer wamings and source
controls. ’

The confinement system pre-
dudes public exposure 1o con-
tarinants by isolating contami-
nated sediments from the over-
lying biota. Protection is ade-
quate.

The confinement system pre-
cludes public exposure to con-
taminants by Isolating COM.
Variable physicochemical con-
diions in the fill increase poten-
tal for contaminant migration
over CAD.

The confinement system pre-
dudes public exposure to con-
tarminants by Isolating COM.
The potential for groundwater
contamination is low. Upland
disposal faciiiies are more
secure than nearshore facllities.

Hamtul contaminants are bound
In the reated CDM. The polen-
tial for groundwater contamina-
tion Is low. Permanent treatment
for contaminants is not effected.

The confinement system pre-
cludes public exposure 1o con-
taminants by Isolating contami-
nated sediments from the over-
lying biota. Protection Is ade-
quate.

Harmful organic contaminants
are removed from COM. Con~
centrated contaminants are dis-
posed of by RCRA- approved
treatment or disposal. Perma-
nent treatment for organic con-
taminants Is effected.

PROTECTION OF
ENVIRONMENT

Original contamination remalns.
Source Inputs continue.
Exposure potential remains at
existing levels or increases.

Orlginal contamination remains.
Source Inputs are controlied.
Adverse blcloglcal effects con-
tinue but dedine slowly as a
result of sediment recovery and
source control.

The confinement system pre-
cludes environmental exposure
to contaminated sediment.
Thickness of overlying cap pre-
vents exposure of burrowing
organisms. Potential for con-
tarminant migration s low be-
cause CDM is maintained atin
sltu conditions,

The confinement system pre-
dudes environmental exposure
to contaminated sediment. The
potential for contaminant migra-
tlon Into marine environment is
Increased over CAD.

Upland disposal Is secure, with
negligible potential for environ-
mental Impact I property de-
signed. Potential for shallow
groundwater contamination
exists.

Upland disposal Is secure, con-
taminant monitoring is improved
over nearshore. Potental for
shallow groundwater contamina-
tion exists.

The confinement system pre-
dudes envircnmental exposure
to contaminated sediment.
Thickness of overlying cap pre-
vents exposure of burrowing
organisms. Potential for con-
taminant migration is low be-
cause COM Is maintained at In
situ conditions.

Harmful organic contaminants
are removed from CDM. Con-
centrated contaminants are dis-
posed of by RCRA- approved
treatment or disposal. Residual
contamination Is reduced below
harmful levels.

CONTAMINANT
MIGRATION

REDUCTION IN
TOXICITY,
MOBILITY, AND
VOLUME

Sediment toxicity and contam-
inant mobilty are expected o
remain at current levels or
Increase as a result of continued
source Inputs. Contaminated
sediment volume increases as
aresult of continued source
inputs.

Sediment toxicity Is expected

o decline slowly with ime as a
result ot source input reductions
and sediment recovery, Con-
taminant moblity is unaffected.
Volume of contaminated sedi-
ment remains at preremediation
level or dectines.

The toxicity of contaminated
sediments In the confinement
zone remains at preremediation
levels. Mobility of contaminants
remains at preremed|ation level,
Volume of contaminated sed-
ments is unaffected.

The toxicity of CDM in the con-
finement zone remains at pre~
remediation levels. Altered
conditions resulting from
dredgesdisposal operations
may Increase mobility of metals.
Volume of contaminated sedi-
ments I3 no! reduced.

The toxicity of COM In the con-
finement zone remains at pre-
remediaton levels. The poten-
tial for migration of metals is
greater for upland disposal than
for CAD or nearshore disposal.
YVolume of contaminated seck
ments s not reduced.

The toxicity of reated CDM Is
not reduced. Mobility of con-
taminants is reduced. Volume
of CDM for disposal increases.

The toxicity and moblity of con-
taminated sediments In the con-
finement zone remains at pre-
remediation levels. Volume of
CDM Is not reduced.

Harmful contaminants are re-
moved from COM. Concen-
trated contaminants are dis-
posed of by RCRA- approved
treatment or disposal. Toxicity
and mobility considerations are
eliminated. Volume of contami-
nated material Is substantially
reduced.
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TABLE 11. (CONTINUED).

CLAMSHELL DREDGE/

CLAMSHELL DREDGE/

CLAMSHELL DREDGE/

WITH CHEMICAL-
AND LOCATION-
SPECIFIC ARARS
AND GUIDELINES

INSTITUTIONAL FEASIBILTY

ceeded. No permit requirements
exist. This alternative fails to
meet the intent of NCP because
ol ongeing impacts.

ceeded. This altemative fails o
meet intent of NCP because of
ongoing impacts. State require-
ments for source control are
achieved. Coordination with
Seattle-King County Health De-
partment for health advisories
for seafood consumption.

is required. Section 401 and
404 permits, hydraulics permit,
and Shoreline Management
permit are required.

required. Sections 401 and 404,
hydraulics, and Shoreline Man-
agement permits are required.
Shoreline development permit
required for disposal siting.

required. Sections 401 and 404,
hydraulics, and Shoreline Man-

agement permits are required.

required. Sections 401 and 404,
hydraulics, and Shoreline Man-
agement permits are required.
Requires approval from Seattle-
King County Health Department
for disposal.

NO ACTION N oLt N AR L R osaL | CuPLaND DisposaL |  SOLIDIFICATION/ CONFINED AQUATIC |SOLVENT EXTRACTION/
. UPLAND DISPOSAL DISPOSAL UPLAND DISPOSAL
FEASIBILITY AND | implementation of this alterna- Source control and institutional | Clamshell dredges and spiit- Clamshell dredges and spiit- Clamshell dredges and split- Clamshell dredges and split- Clamshell dredges and split- Sludges, soils, and sediments
RELIABILITY OF tive Is feasible and reliable. control measures are feasible huiled barges are conventional huiled barges are conventional | hulled barges are conventional | hulled barges are conventional hulled barges are conventional | have successfully been treated
REMEDIAL and rellable. Source controt and refiable equipment. In situ and reflable equipment. Near- and rellable equipment. Secwre | and reliable equipment. Solidl- and reliable equipment. CAD of | using this technology.
ACTION rellability assumes all sources capping is a demonstrated tech- | shore confinement of CDM has upland confinement technology | fication process would require contaminated sediments I8
PROCESS can be identified. nology. been successtully accomplish- I3 weil developed. bench and pilot scale testing to feasible and reliable. CADIsa
OPTIONS ed. determine refiabllity and feasi- demonstrated containment tech-
billty of large scale process. nology.
; >
e =
|
m (IMPLEMENTATION} Nomonitoring over and above Sediment monitoring schemes Confinement reduces monitoring | Monitoring can be readily imple- | Monitoring can be readily imple- | Monitoring can be readlly impie- | Confinement reduces monitoring | Monitoring is required only to
o |OF MONITORING programs established under can be readily Implemented. requirements in comparison to mented to detect contaminant mented to detect contaminant mented to detect contaminant requirements in comparison to evaluate the reestablishment
< [PROGRAMS other authorities are imple- Adequate coverage of problem institutional controis. Sediment | migration through dikes. Im- migration through dikes. Im- migration. institutional controls. Sediment | of benthic communities. Moni-
w mented. . area would require an extensive | monitoring schemes can be proved confinement enhances proved confinement enhances monitoring schemes can be toring programs can be readily
L. program. readily implemented. monitoring compared with CAD. monitoring over CAD. Installa- readily iImplemented. implemented.
tion of monitoring systems is
g routine aspect of facllity siting.
4
X . -
O |IMPLEMENTATION} There are no O & Mrequirements | O & Mrequirements are minimal. | O & M requirements are minimal. | O & Mrequirements consist of O & M requirements consist of O & Mcosts are minimal at the O & Mrequirements are minimal. | No O & M costs are incurred at
S l’il OF OPERATING associated with the no action Some O & Mis associated with Some O & M associated with inspections, groundskeeping, Inspections, groundskeeping, conclusion of COM treatment. Some O & M associated with the conclusion of COM treat-
- AND MAINTE- alternative. monitoring, maintenance of monitoring. and maintenance of monitoring and maintenance of monitoring System maintenance Is inten- monitoring. ment. System maintenance is
— NANCE warning signs, and Issuance of equipment. equipment. sive during implementation. intensive during implementation.
J PROGRAMS cnqoing health advisories.
o
<
| )
< APPROVAL OF Approval is denled as a resultof | Requirements for agency appro- | Approvals from the City of Approvals from the City of Approvals from the Clty of Approvals depend largely on Approvals from the City of Approvals depend largely on re-
L RELEVANT agency commitments to mitigate | vals are minimal and are ex- Seattle, COE, EPA, and state Seattle, COE, EPA, and state Seattie, COE, EPA, and state result of pllot testing and nature | Seattls, COE, EPA, and state sults of pilot testing and the na-
E AGENCIES observed biologlcal effects. pected to be readily obtainable. | agencies are feasible. agencies are feasible. Availa- agencles are feasible. Coordi- of the material following treat- agencles are feasible. However, | ture of reatment residuals.
o bility of approvals for faciiity nation I8 required for establish- ment. disposal of untreated COM I3
(L E siting are uncertaln but are as- Ing discharge criteria for dredge carsidered less desirable than It
Q sumed feasible. However, dis- water maintenance. However, CDM s treated.
posal of untreated CDM Is con- disposal of untreated COM is
E sidered less desirable than if considered less desirable than if
- CDM s treated. CDMis treated.
COMPLIANCE AET levels in sediments are ex- | AET levels In sediments are ex- | WISHA/OSHA worker protection | WISHA/OSHA worker protection | WISHA/OSHA worker protection | WISHA/OSHA worker protection | WISHA/OSHA worker protection | WISHA/OSHA worker protection

required. Sections 401 and 404,
hydraulics, and Shoreline Man-
agement permits are required.

required. Section 404 permit Is
required. Altemative complies
with EPA policy for permanent
reduction in contaminant mobil-
ity. Reguires RCRA permit for
disposal of concentrated organ-
ic waste.

AVAILABILITY OF
SITES, EQUIP-
MENT, AND
METHODS

AVAILABILITY

All materials and procedures are
avallable.

All materiais and procedures are
available to implement insttu-
tional controls.

Equipment and methods to im-
plement this alternative are
readily avallable.

Equipment and methods to Im-
plement alternative are readily
avallable. Potentlal nearshore
disposal sites have been lden-
tified but none are currently
avallable.

Equipment and methods to im-
plement alternative ara readily
available. Potential upland dis-
posal gites have not been ident-
fied for disposal of untreated
COM.

Equipment and methods 1o im-
plement aiternative are readily
avallable. Upland disposal sites
are potentially avallable.

Equipment and methods to Im-
plement alternative are readily
available. Open water CAD

sltes are potentially avallable.

Process equipment available.
Disposal site availabliity Is nota
primary concern because of re-
duction in hazardous nature of
material.
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TABLE 12.

EVALUATION SUMMARY FOR DENNY WAY PROBLEM AREA

Clamshel l/ " Clamshell/
Clamshel l/ Clamshell/ Sol idification/ Solvent Extraction/
Institutional In Situ Nearshore Upland Upland Clamshel t/ Upland
No action Controts Capping Disposal Disposal Disposal CAD Disposal

Short-Term
Protectiveness Low Low High Moderate Moderate Moderate Moderate Moderate
Timeliness Low Low High Moderate Moderate Moderate High Moderate
Long-Term
Protectiveness Low Low High Moderate Moderate High High High
Reduction in Toxicity,
Mobility, or Volume Low Low Low Low Low Moderate Low High
Technical
Feasibility High High High Moderate Moderate Moderate Moderate Moderate
Institutional
Feasibility Low Low Moderate Moderate Moderate Moderate Moderate Moderate
Availability High High High Low Low Moderate Low Moderate
Estimated Cost
Initial --- 30,000 1,500,000 2,700,000 7,900,000 13,000,000 900, 000 44,000,000
O&M --- 460,000 2,200,000 300,000 500,000 400,000 2,100,000 400,000
Total --- 490,000 3,700,000 3,000,000 8,400,000 13,400,000 3,000,000 44,000,000




capping with clean material. The clamshell dredging/nearshore disposal
alternative would result in the loss of nearshore habitat over the short-
term. Upland disposal involves increased handling of dredge material when
compared with nearshore and confined aquatic disposal options. Alternatives
involving solidification and solvent extraction technologies would require
additional dredge material handiing and longer implementation periods,
increasing the exposure potential for workers and the community.

The in situ capping alternative rated high for short-term protective-
ness. Contaminant redistribution and the potential for public or worker
exposure is minimized because the sediments are left in place.

7.1.2 Timeliness

The no action and institutional control alternatives received Tlow
ratings for timeliness. With no action, sediments remain unacceptably
contaminated, source inputs continue, and natural recovery is unlikely.
Source inputs are controlled under the institutional controls alternative,
but as discussed in Section 3.1.4, sediment recovery based on the indicator
chemicals is estimated to be improbable within a reasonable timeframe for
Denny Way problem area sediments.

Moderate ratings were assigned to the two alternatives involving
treatment technologies and the alternatives involving nearshore and upland
disposal facilities. Approval and construction of an upland or nearshore
disposal facility is estimated to require 1-2 yr. Equipment and methods
required for construction are already developed. Pre-implementation testing
would not be extensive, and overdesign of the facility would further
decrease testing requirements. The solvent extraction and solidification
alternatives would require extensive testing before being accepted. Siting
and construction .of a treatment facility, and pilot testing are estimated to
require 1-2 yr, Once approval is obtained, treatment of contaminated
sediments could be accomplished within approximately 2 yr, assuming treatment
rates of 500 yd3/day.
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The in situ capping and clamshell dredging/CAD alternatives were rated
high for timeliness. Pre-implementation testing and modeling may be
necessary to evaluate the potential for contaminant releases during dredging
and contaminant migration through the cap. Such testing is estimated to
require 6 mo.. Following approval of a disposal site, related testing, and
modeling, the CAD alternative could be accomplished within approximately
6 mo. Disposal siting issues are less likely to delay implementation of the
CAD alternative for Denny Way probiem area sediments than for alternatives
involving nearshore or upland disposal. The in situ capping alternative
could feasibly be accomplished within approximately 6 mo after obtaining
approval.

7.1.3 Long-Term Protectiveness

The evaluation for long-term protectiveness resulted in low ratings for
the no action and institutional controls alternatives because the timeframe
for sediment recovery is long. Following the implementation of source
controls for the institutional controls alternative, contaminated sediments
and bioaccumulation of toxic contaminants, environment would remain.
Adverse biological impacts, such as decreased benthic abundance and
bioaccumulation of toxic contaminants, would continue even though sediment
contamination levels would be expected to decline.

Moderate ratings were assigned to the clamshell dredging/nearshore
disposal and clamshell dredging/upland disposal alternatives for the Denny
Way problem area primarily because of the increased potential for contaminant
migration associated with disposal. Physicochemical changes, primarily
redox reactions, that would occur when dredged material is placed in these
disposal facilities would tend to increase the potential for contaminant
migration. Dredge material testing and modeling would provide additional
information of potential contaminant migration. The dynamics of the
nearshore environment require consideration of long-term maintenance and
design of a structurally reliable facility. An upland disposal facility
with additional engineering controls can be considered secure; however, the
security of the facility is offset by the potential for groundwater
contamination.
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The solidification and solvent extraction alternatives both received a
high rating for long-term protectiveness. Immobilization of the contaminants
via solidification or removal of contaminants via solvent extraction render
the dredge material nonhazardous, assuming the treatment technologies are
effective. '

The in situ capping and clamshell dredging/CAD alternatives were rated
high for remediation of Denny Way problem area sediments under the long-term
protectiveness criterion. Maintaining or disposing of dredged material at
in situ conditions reduces the potential for contaminant migration compared
with nearshore or upland disposal. Isolation of the material in the
subaquatic environment also provides a high degree of protection, with
limited potential for exposure of contaminated sediments to the community
or the environment.

7.1.4 Reduction in Toxicity., Mobility, or Volume

Low ratings were assigned to all alternatives under this criterion,
except those involving treatment. Although capping, confined aquatic
disposal, upland, and nearshore disposal alternatives isolate contaminated
sediments from the surrounding environment, the chemistry and toxicity of
the material itself would remain largely unaltered. For nearshore and
upland disposal alternatives, the mobilization potential for untreated
dredged material may actually increase with changes in redox conditions.
Without treatment, the toxicity of contaminated sediments would remain at
preremediation levels. Contaminated sediment volumes would not be reduced.

The solidification alternative received a moderate rating for this
criterion, because the contaminants would be immobilized but not rendered
non-hazardous. The potential for leaching over long periods of time would
remain, although at lower levels than for untreated sediments. The addition
of the solidification agent would also probably increase the volume of
dredged material requiring disposal.
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The solvent extraction alternative received a high rating for this
criterion because it would effectively remove organic contaminants and
render inorganic contaminants environmentally unavailabie through reaction
with sediment residuals. The solvent extraction process would also
concentrate the remaining toxic substances into a smalier volume for
disposal. Results of bench scale testing of residuals would provide
sufficient data to substantiate sediment detoxification.

7.1.5 Technical Feasibility

The no action, institutional controls, and in situ capping alternatives
received a high rating for technical feasibility. In situ capping received
a high rating for technical feasibility because the equipment, technologies
and expertise required for implementation are readily accessibie. The
technologies have been demonstrated to be reliable and effective elsewhere
for similar operations. The no action alternative does not involve technical
considerations, and the institutional controls alternative involves only
minimal technical considerations.

Alternatives involving treatment received moderate ratings for the
technical feasibility criterion because the treatment processes would
require bench- and pilot-scale testing. The application of solidification
and solvent extraction procedures to the particular mixture of organic and
inorganic contaminants measured in Denny Way offshore sediments would
require a demonstration of process suitability. Although both processes are
believed to be suitable for application to contaminated dredge material,
caution when selecting a treatment technology is warranted.

The alternatives involving clamshell dredging and nearshore, upland, or
confined aquatic disposal received moderate ratings under the technical
feasibility criterion. If removal of contaminated sediments from depths
below approximately 100 ft is rejected from consideration, the technical
feasibility of the alternatives would increase.

Environmental monitoring is an integral component of the technical
feasibility criterion. Monitoring techniques are well-established and

102

DUW 80036845
BVL

B-DUW2-2073316



technologically feasible for all alternatives. Similar techniques would be
applied to all alternatives, although the alternatives will have different
sampling requirements depending on the disposal option. Monitoring is
considered in the evaluation process, but is not weighted heavily in the
ratings because monitoring requirements are not expected to influence the
feasibility of the different alternatives.

7.1.6 Institutional Feasibility

The no action and institutional controls alternatives were assigned low
ratings for institutional feasibility. Long-term protection of public
health and the environment are not accomplished through implementation of
either alternative at the Denny Way problem area. Neither of these
alternatives would comply with the mandate of the Puget Sound Water Quality
Authority for improving the quality of Puget Sound.

Moderate ratings were assigned to the remaining alternatives for
several reasons. Potential difficulties may arise in obtaining approval for
treatment and disposal sites, and for implementing treatment technologies.
Significant uncertainty remains regarding potential aquatic, nearshore and
upland disposal site availability. The development and construction of an
upland or nearshore disposal site that would be suitable for contaminated
dredge material would pose complex legal and bureaucratic concerns.

7.1.7 Availability

The no action, institutional controls, and in situ capping alternatives
were rated high under the availability criterion because they can be readily
implemented. Because of the nature of the no action and institutional
controls alternatives, equipment and disposal site availability are not
obstacles to implementation. Equipment and expertise are readily available
for the in situ capping alternative. Disposal site availability is .not a
consideration because the Denny Way problem area will become both the
treatment and the disposal site.
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Sediment remedial alternatives that involve disposal of untreated
contaminated dredge material at a nearshore, upland or confined aquatic
disposal site were rated low under the availability criterion. Candidate
alternatives were developed under the assumption that nearshore, upland, and
confined aquatic disposal sites will be available. However, no sites are
currently approved for use and no approved sites are currently under
construction. Equipment and expertise for the implementation of the
clamshell dredging/CAD, clamshell dredging/nearshore disposal, and clamshell
dredging/upland disposal are readily available.

The remedial alternatives involving solidification and solvent
extraction with upland disposal of the treated sediments were rated moderate
under the availability criterion. Equipment availability is not expected to
be an obstacle. However, the treatment facility will require construction
and testing. Assuming treatment technologies are successful, disposal at an
upland facility would be feasible.

7.1.8 Cost

Order-of-magnitude costs were estimated for each combination of remedial

alternative and problem area. Costs were grouped into the following
categories:
] Construction and implementation (initial) - Costs for

engineering design, development of specifications, dredging,
transportation, treatment, intertidal habitat repiacement,
and disposal.

n Operation and maintenance - 08M costs associated with all

- post-disposal onsite activities, including monitoring.

Engineering site inspections of containment structures,

erosion control, drainage, repairs, and landscape upkeep are

all aspects of O0&M. The latter category includes fertili-
zation, mowing, and general maintenance of site vegetation.
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Monitoring activities are designed for both short- and long-term
surveillance of containment structure or cap performance. In practice,
activities should begin just prior to the disposal operation and remain
intense for the first year, tapering off over the course of an assumed 30-yr
program. In this manner, failure to initially contain sediment contaminants
can be detected immediately. In addition, frequent monitoring after
completion of the remedial action allows an assessment of the rate and
extent of contaminant migration that can be expected to occur over the long
term. Assuming that initial monitoring efforts confirm predicted rates of
contaminant migration based on preimplementation bench-scale tests and
modeling studies, it is reasonable to assume that the sampling frequency can
be reduced over time. The lack of contaminant releases within approximately
1 yr of sediment disposal indicates that the level of monitoring can be
reduced.

Cost estimates for specific items within each category were normalized
to 1988, using an annual inflation rate of 6 percent. For yearly costs
associated with monitoring, operation, and maintenance, the present worth
was calculated using a 10 percent interest rate. A discussion of the
estimation method, assumptions, and information sources used is presented in
Appendix D of Tetra Tech (1988a).

Candidate sediment remedial alternative initial and 03M costs for the
Denny Way problem area are presented in Table 12. A complete breakdown for
each candidate alternative and examples of remedial costs for selected
Commencement Bay Feasibility Study alternatives are presented in Appendix D
(Tetra Tech 1988a). The alternatives selected for the Commencement Bay
Feasibility Study (Tetra Tech 1988a) are intended to provide an example for
different alternatives possibly suitable to Elliott Bay (i.e., clamshell
dredge/thermal treatment/upland disposal). The alternatives evaluated for
the Denny Way problem area are presented in order from lowest to highest
initial cost.

Initial costs for the institutional controls alternative are minimal.

The 0&M costs for this alternative are similar to alternatives involving
nearshore and upland disposal, primarily because environmental monitoring of
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the relatively large problem area is more difficult than an upland or
nearshore disposal site. Initial costs for the clamshell dredge/confined
aquatic disposal alternative are lower than the in situ capping alternative,
only because the cap thickness for in situ capping is assumed to be 6 ft
thick versus a 3-ft cap thickness for a confined aquatic disposal site. If
a 3-ft cap is determined to be adequate, initial costs of the in situ
capping and confined aquatic disposal would be approximately equal. The 0&M
costs for the in situ capping and clamshell dredge confined aquatic disposal
alternatives are nearly equal, with the differential arising from the site
maintenance costs. The confined aquatic disposal site may be designed to
cut monitoring costs through confinement in a smaller area, but for costing
purposes, the area requiring monitoring is assumed to be equal for the in
situ capping and confined aquatic disposal alternatives.

Initial costs for the clamshell dredging/nearshore disposal alternative
are roughly double the initial costs of the in situ capping alternative.
Design and construction of a nearshore disposal, including mitigation for
destruction of intertidal habitat at the disposal site, accounts for the
majority of the initial cost differential between the two alternatives. The
0&M costs for the nearshore facility are the lowest of any alternative. The
low unit cost for site maintenance and the consolidation of dredge material
into a relatively small area for disposal (assuming a 30-ft fill depth)
requires minimal monitoring and maintenance costs.

The initial costs for the clamshell dredge/upland disposal alternative
are roughly double the initial costs of the clamshell dredge/nearshore
disposal alternative. Requirements for upland disposal of CDM to provide
adequate levels of protectiveness, yield relatively high initial costs for
disposal facility construction. Operation and maintenance costs for an
upland facility are similar to all other alternatives, except in situ
capping and confined aquatic disposal.

The candidate alternatives involving solidification or solvent
extraction technologies both have high initial costs. Operation and
maintenance costs for the alternatives involving treatment technologies are
similar to the costs for untreated sediment disposal at an upland facility,
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with the cost differential arising from reduced analytical costs for treated
sediments.

7.2 PREFERRED ALTERNATIVE FOR DENNY WAY PROBLEM AREA

The evaluation of candidate sediment remedial alternatives for the
Denny Way problem area resulted in the selection of in situ capping as the
preferred alternative. The total estimated cost of the alternative is
roughly equal to the costs of the clamshell dredge/confined aquatic disposal
alternative. The in situ capping alternative rated high for short-term and
long-term protectiveness, timeliness, technical feasibility, and avail-
ability. The technical feasibility of removing sediments from depths below
100 ft and the lack of a designated disposal for contaminated sediments were
also key components of the evaluation process. '

Alternatives that involve dredging and subsequent upland disposal of
treated or untreated sediments received lower ratings for the majority of
effectiveness and implementability criteria. The increased costs for the
upland disposal alternatives and liability issues associated with disposal
of contaminated dredge material at an upland site decrease the ratings for
these alternatives. The decrease in mobility, toxicity, and volume
associated with treatment of contaminated dredge material are not considered
to be a cost effective solution to remediation of problem areas.

Metro is presently proposing to cap sediments offshore of the Denny Way
CSO with clean material obtained from the Duwamish River head of navigation.
The proposed capping project will be performed in cooperation with the Army
Corps of Engineers during the next Duwamish River maintenance dredging
scheduled for February 1989 (Romberg and Sumeri 1988). The proposed capping
project will enclose an area approximately 600 ft long (longshore direction)
and 200 ft wide (offshore direction). Clean dredged sediment will be placed
over the proposed capping area using a method similar to that employed in
the Tower Duwamish capping project (Romberg and Sumeri 1988). The proposed
capping area (120,000 ftz) will not cover the entire areal extent of
contaminated sediments in the Denny Way problem area identified in this
document (220,000 ydz). However, the remedial area proposed by Metro
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includes the most highly contaminated sediments in the vicinity of the CSO
outfall. Although it is preferable to control all contaminant sources prior
to sediment remediation, Metro intends to use the clean capped area as a
monitoring tool to aid in identification and subsequent elimination of
remaining contaminant sources in the Denny Way CSO drainage basin (Romberg
and Sumeri 1988).

7.3 EVALUATION OF ALTERNATIVES FOR NORTH HARBOR ISLAND

The indicator chemicals mercury and total PCBs were selected to
represent the nature and extent of contamination at North Harbor Island.
The approximate areal extent of sediments which exceed sediment cleanup
goals based on mercury and total PCB concentrations is presented in
Figure 28. Concentrations of indicator chemicals were assumed to vary
Tinearly between and away from sampling stations for interpolation of
problem area boundaries. Sediments exceeding sediment cleanup goals in the
North Harbor Island problem area cover an area of approximately 370,000 ydz.
The vertical extent of contaminated sediments which exceeded sediment cleanup
goals is not defined, because sediment core data are not available. A depth
of 3 ft is assumed for contaminated sediments exceeding sediment cleanup
goals. The assumed depth of 3 ft produces a volume of 370,000 yd3 for use in
evaluating candidate sediment remedial alternatives. The actual implementa-
tion of a sediment remedial alternative over a larger or smaller area may
prove to be more feasible or cost-effective when mobilization, disposal site
acquisition and development, and treatment technologies are considered. For
example, if a feasible treatment technology is developed for the particular
suite of contaminants found in the North Harbor Island problem area,
dredging sediments from additional problem areas with similar contaminants
may help defray initial costs for the treatment technology development.

In addition to the indicator chemicals mercury and total PCBs, sediments
in the North Harbor Island problem area exceeded target cleanup goals for
the compounds listed in Table 3. The indicator chemicals were the most
widely distributed contaminants. However, the evaluation of treatment
technologies must also address additional contaminants that exceed target
cleanup goals (i.e., copper, polycyclic aromatic hydrocarbons, 2,4-dimethyl-
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Figure 28. Approximate areal extent of sediments exceeding sediment
cleanup goals in North Harbor Island problem area.
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Figure 29. Previous dredging projects in the North Harbor Island
problem area.
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phenol). Treatment technologies used to remediate organic and inorganic
contamination are appropriate for the North Harbor Island problem area.
Unfortunately, most treatment technologies have displayed only limited
effectiveness when treating both organic and inorganic contaminants
simultaneously. Thermal and Tand treatment are inappropriate for the
remediation of inorganic contaminants at the concentrations measured in
sediments in the North Harbor Island problem area. Therefore, the candidate
alternatives involving these technologies are not considered further.
Solidification and solvent extraction are retained for further evaluation.
Bench and pilot scale testing that may be required before implementing
treatment technologies. Volatile organic contaminants (e.g., xylenes) were
among contaminants measured in the problem area at relatively high concentra-
tions (PTI and Tetra Tech 1988). Volatile organic contaminants should not
present a major obstacle to the implementation of a sediment remedial
alternative. Monitoring will be necessary to determine if volatile organic
compounds are potentially harmful, or if volatile organic compounds warrant
use of a treatment technology (e.g., air stripping).

Sediments with concentrations of indicator chemicals exceeding sediment
cleanup goals in the North Harbor Isiand problem area were measured at depths
ranging from intertidal to approximately 165 ft at Station 10016 (Figure 15)
(Malins et al. 1979). Clamshell dredging is only possible to depths of
approximately 100 ft, and hydraulic dredging is limited to depths of 50 ft
or less. Candidate sediment remedial alternatives that involve hydraulic
dredging as a component technology were not retained for further evaluation.
Instead, clamshell dredging was retained as the removal technology for
sediment remedial alternatives which include sediment removal. The technical
feasibility of the remedial alternatives that involve sediment removal is
downgraded because of the depths associated with sediments that exceed
sediment cleanup goals.

Businesses utilizing the north end of Harbor Island include an active
shipyard (Todd), an 0il unloading and transfer facility, and the Puget Sound
Tug and Barge Company (Figure 14). The only site within the North Harbor
Island problem area where previous dredging has been documented based on a
review of available dredging permits (Tetra Tech in preparation) is shown in
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Figure 29. Shipping activity in the area must be considered when evaluating
dredging and capping remedial alternatives. Dredging activities must be
implemented during periods of minimal disruption by shipping activities. A
spokesperson for Todd Pacific Shipyards indicated that maintenance dredging
is required in some areas of the facility (Petrovic, B., 27 April 1988,
personal communication), and that in situ capping of contaminated sediments
may adversely impact the facility. In situ capping is not retained for
further evaluation because of maintenance dredging requirements.

Seven of twelve candidate sediment remedial alternatives are evaluated
below for the North Harbor Island problem area. The candidate sediment
remedial alternatives selected for evaluation in the North Harbor Island
problem area include the following:

[ No action

n Institutional controls

u Clamshell dredging/confined aquatic disposal

] Clamshell dredging/nearshore disposal

[ Clamshell dredging/upland disposal

] Clamshell dredging/solidification/upiand disposal

] Clamshell dredging/solvent extraction/upland disposal.

A narrative matrix assessing each of the above alternatives based on
effectiveness, implementability, and cost is presented in Table 13. The
narrative matrix.is similar to that presented in Table 11 for the Denny Way
problem area. A comparative evaluation of sediment remedial alternatives
for the North Harbor Island problem area based on ratings of high, moderate,
and Tow in the various subcategories of evaluation criteria is presented in

Table 14. Subcategories of evaluation criteria inciude short-term protec-
tiveness; timeliness; 1long-term protectiveness; reduction in toxicity,
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TABLE 13. REMEDIAL ALTERNATIVES EVALUATION MATRIX FOR THE NORTH HARBOR ISLAND PROBLEM AREA

INSTITUTIONAL

CLAMSHELL DREDGE/

CLAMSHELL DREDGE/

CLAMSHELL DREDGE/

CLAMSHELL DREDGE/

CLAMSHELL DREDGE/

EFFECTIVENESS

LONG-TERM PROTECTIVENESS

NO ACTION SOLIDIFICATION/ CONFINED AQUATIC |SOLVENT EXTRACTION/
CONTROLS NEARSHORE DISPOSAL UPLAND DISPOSAL UPLAND DISPOSAL DISPOSAL UPLAND DISPOSAL
COMMUNITY NA There are no elements of insti- Public access to dredge and Pubtic access to dredge and Public access to dredge, treat- Public access to dredge and Public access to dredge, treat-
PROTECTION tutional control measures that disposal sites Is restricted. disposal sites s restricted. ment, and disposal sites Is re- disposal sites Is restricted, ment, and disposal sites is re-
DURING have the potential to cause Public exposure potential is low. ] Exposure from COM spills or stricted. Exposure from COM Community exposure Is negl- stricted. Extended duration of
IMPLEMENTA- harm during implementation. mishandling Is possible, but spilis or mishandling Is possible, | gible. treatment operations may result
TION overall potential is low. but overall potential Is low. Ex- In moderate exposure potential.
tended duration of operation
may result in moderate expo-
[/} sure potental,
i
= WORKER NA There are no elements of instl- Operaticnal controls canbe Im- | Additional CDM handling in- Additional CDM handling assod- | Operational controls canbe im- | Additional COM handling asso-
g PROTECTION tutional control measures that plemented during dredging and creases possibilty of spills or ated with treatment may in- plemented during dredging and clated with treatment Inerc.aases
o DURING have the potential to cause transport to minimize potential mishandling. Overall exposure | crease exposure polential. transport to minimize polential worker risk over dredge/disposal
7 IMPLEMENTA- hamm during implementation. for worker exposure. Workers potential Is low. Operational Woa_'kers wear protective gear. for worker exposure. Workers options. Workers wear protec-
w TION wear protective gear. controls can be implemented . wear protective gear. tive gear.
| oy during dredging and transport to
o} minimize potential for worker ex-
E posure. Workers wear protec-
tive gear.
E ENVIRONMENTAL | Original contamination remalins, | Source control Is implemented. Existing contaminated habltat Existing contaminated habitat Existing contaminated habitat Existing contaminated habitat Existing contaminated habitat
w
a
n
0@
O
XL
0

Underdrain or liner cannot be
repalred.

struction materal or disposal at
a standard solld waste landfill.

ed acceptable.

PROTECTION Source Inputs continue. Ad- Contaminants remain and ad- Is destroyed. Nearshore dis- Is destroyed. Contaminated Is destroyed. Contaminated and disposal site habitat are Is destroyed. Contaminated
DURING verse blological iImpacts con- verse biological impacts con- posal habitat is lost. Contami- sediment Is resuspended during | sediment s resuspended during } destroyed. Contaminated sedi- | sedimentls resuspended during
IMPLEMENTA- tinue. tinue at existing levels. nated sediment is resuspended. | dredging operatons. Dredge dredging operations. ment Is resuspended during dredging operations.
TION water management is improved dredging and disposal opera-
aver hydraulic dredging. tions. Dredge water manage-
ment is improved over hydraufic
dredging.
TIMELINESS The no action alternative Is in Access restictions and mon- Dredge and disposal operations | Dredge and disposal operations | Bench and pliot scale testing CAD can be accomplished within |  Bench and pilot scale testing
g force in the absence of any ftoring efforts can be imple- could be accomplished within could be accomplished within are required. Full scale equip- approximately 1 to 2 years. are required. Full scale equip-
L other action. Sediments are un- | mented quickly. Source con- approximately 2 years. Disposal] approximately 2 years. Disposall mentis avallable. Remediation ment Is avallable. Remediation
=z likely to recover in the absence trols can be implemented within siting and facllity construction siting and facility constuction could be accomplished within could be accomplished within
3 of source control. 110 2years, Partial sediment delay implementation. delay Implementation. 1t 2years. 11to 2years.
1 recovery Is achleved naturally,
= but significant contaminant
- levels persist,
LONG-TERM CDM containment Is not an COM containment is not an Nearshore confinement fadliies { Upland confinement fadlites Uptand confinement fadlities The long-term reliability of the Treated COM low in metals can
RELIABILITY OF aspect of this alternative. aspect of this alternative. structurally reliable. Dike and may be considered structurafty may be consklered structurally cap to prevent contaminant re- be used as Inert construction
CONTAINMENT cap repairs can be readily ac- rellable. Dike and cap repairs reffable. Treated COM may be exposure In the absence of materlal or disposed of ata
FACILITY complished. can be readily accomplished. suitable for use as inert con- physical disruption Is consider- | standard solld waste landfill.

PROTECTION OF
PUBLIC HEALTH

The potential for exposure to
harmful sediment contaminants
via Ingestion of contaminated
food species remains,

The potential for exposure o
harmful sediment contaminants
via Ingestion of contaminated
food specles remains, albeit at
a reduced level as a result of
consumer wamings and source
controls.

The confinement system pre~
cludes public exposure to con-
taminants by Isolating CDM.
Variable physicochemical con-
ditions in the fill increase poten-
tlal for contaminant migration
over CAD.

The confinement system pre~
cludes public exposure 1o con-
taminants by Isolating COM.
The potential for groundwater
contamination Is low. Upland
disposal facillties are more
secure than nearshere facilities.

Harmful contaminants are bound
in he reated COM. The poten-
tial for groundwater contamina-
ton Is low. Permanent treatment
for contaminants Is not effected.

The confinement system pre-
cludes public exposure to con-
taminants by isolating contaml-
nated sediments from the over-
lying blota. Protection Is ade-
quate.

Harmful organic contarninants
are remaved from COM. Con-
centrated contaminants are dis-
posed of by RCRA- approved
treatment or disposal. Perma-
nent treatment for organic con-
taminants Is effected.

PROTECTION OF
ENVIRONMENT

Original contamination remains.
Source inputs continue.
Exposure potential remains at

Original contamination remains.
Source inputs are controlied.
Adverse biological effects con-

The conflnement system pre-
dudes environmental exposure
o contaminated sediment. The

Upland disposal Is secure, with
negligible potential for environ-
mental impact if properly de-

Upland disposal is secure, con-
tarninant monitoring is iImproved
over nearshore, Potential for

The confinement system pre-
cludes environmenta] axposure
to contaminated sediment.

Harmiful organic contaminants
are removed from COM. Con-
centrated contaminants are dis-

existing levals or Increases. tinue but dedline slowly as a potential for contaminant migra- | signed. Potential for shallow shallow groundwater contamina- | Thickness of overlying cap pre- | posed of by RCRA- approved
result of sediment recovery and tion Into marine environment Is groundwater contamination ton exists. vents exposure of burrowing treatment or disposal. Residual
source control. Increased over CAD. exists. organisms. Potental for con- contamination s reduced beiow
taminant migration is jow be- harmful levels.
cause COM Is maintained atIn
situ conditions.
- REDUCTION IN Sediment toxidty and contam- Sediment toxidty is expected The toxicity of COM In the con- The toxicity o COM Inthe con- | The toxicity of reated COM Is The toxicity and mobiity of con- | Harmful contaminants are re-
<zt = | Toxiciry, inant mobilty are expected to to decline slowly with ime as a finement zone remains at pre- finement zone remains at pre~ notreduced. Mobiliity of con- tarninated sediments in the con- | moved from COM. Concen-
= 9 MOBILITY, AND remaln at current levels or result of source input reductions { remediation levels. Altered remediation levels. The poten- taminants I3 reduced. Volume finement zone remains at pre- trated contaminants are dis-
=~ | VOLUME Increase as a result of continued { and sed!ment recovery. Con- conditions resuling from tial for migration of metals is ol COM for disposal Increases. rernediation levels. Volume ot posed of by RCRA- approved
= < source Inputs. Contaminated taminant moblity is unaffected. dredge/disposal operations greater for upland disposal than CDM Is not reduced. treatment or disposal. Toxkity
’_<_ oo sediment volume increases as Volume of contaminated sed- may Increase mobility of metals. | for CAD or nearshore disposal. and mobliity considerations are
> g a result of continued source ment remains at preremediation ] Volume of contaminated sedh- Volume of contaminated sedt- eliminated. Volume of contami-
o = Inputs. level or declines. ments s not reduced. ments is not reduced. nated material is substantially
Q reduced.
113

e wa R s

DUW 80036856
BVL

B-DUW2-2073327



T R

M 4 e A em e mantt O I T U

B e U BV PURNDUUE SN RV U S UREN

TABLE 13. (CONTINUED).

CLAMSHELL DREDGE/

CLAMSHELL DREDGE/

CLAMSHELL DREDGE/

INSTITUTIONAL FEASIBILTY

WITH CHEMICAL-
AND LOCATION-
SPECIFIC ARARS
AND GUIDELINES

ceeded. No permit requirements
exist. This alternative fails to
meet the intent of NCP because
of ongoing Impacts.

ceeded. This altemative falls 1o
meet intent of NCP because of
ongolng Impacts. State require-
ments for source control are
achleved. Coordination with
Seatie-King County Health De-
partment for health advisories
for seafood consumption.

required. Sections 401 and 404,
hydraulics, and Shoreline Man-
agement permits are required.
Shoreline development permit
requlred for disposal siting.

required. Sections 401 and 404,
hydraulics, and Shoreline Man-
agement permits are required.

required. Sections 401 and 404,
hydrautics, and Shoretine Man-
agement permits are required.
Requires approval from Seattie-
King County Health Department
for disposal.

required. Sections 401 and 404,
hydraulics, and Shorefine Man-
agement permits are required.

NO ACTION '"gg’;}r’;g’f‘s“- N‘é‘;‘gﬁ%@% ggi%‘;i’l_ cbgring‘-blgfcfgﬂs’ SOLIDIFICATION/ CONFINED AQUATIC |SOLVENT EXTRACTION/
UPLAND DISPOSAL DISPOSAL UPLAND DISPOSAL
FEASIBILITY AND Implementation of this alterna- Source control and Institutional Clamshell dredges and split- Clamshell dredges and split- Clamshell dredges and split- Clamsheli dredges anc split- Siudges, solis, and sediments
RELIABILITY OF tive Is feasible and reliable. control measures are feasible hulled barges are conventional hutled barges are conventional hulled barges are conventional hulied barges are conventional have successfully been treated
REMEDIAL and reflable. Source control and reliable equipment. Near- and reliable equipment. Secure | and rellable equipment. Solidi- and rellable equipment. CAD of using this technology.
ACTION reflability assumes all sources shore confinement of COM has upland confinement technology | fication process would require contaminated sediments Is
PROCESS can be Identified. been successfully accomplish- | Is well developed. bench and pilot scale testing to feasible and rellable. CADIsa
OPTIONS ed. determine rellability and teasi- demonstrated containment tech-
bility of large scale process. nology.
E
-d
m JMPLEMENTATION| No monitoring over and above Sediment monitoring schemes Monitoring can be readily Imple- | Monitoring can be readily imple- | Monitoring can be readily imple- | Confinement reduces monitoring | Monitoring Is required only to
7} OF MONITORING programs established under can be readily Implemented. mented to detect contaminant mented to detect contaminant mented 1o detect contaminant requirements in comparison to evaluate the reestablishment
<« |PROGRAMS other authorities are imple- Adequate coverage of problem migration through dikes. Im- migration through dikes. Im- migration. Institutional controls. Sediment | of benthic communities. Moni-
E mented. ~area would require an extensive | proved confinement enhances proved confinement enhances monitoring schemes can be toring programs can be readily
program. monitoring compared with CAD. | monitoring over CAD. Installa- readily implemented. implemented.
a tion of monitoring systems Is
g routine aspect of facility siting.
T
O JIMPLEMENTATION] Theroarenc O & Mrequrements | O & M requirements are minimal. | O & M requirements consist of O & M requirements consist of O & M costs are minimal at the O & Mrequirements are minimal. | No O & M costs are incurred at
S E OF OPERATING associated with the no action Some O & M!s assodated with Inspections, groundskeeping, Inspections, groundskeeping, conclusion of CDM treatment. Some O & M associatsd with the condusion of COM treat-
- AND MAINTE- altemnative. monitoring, maintenance of and maintenance of monitoring and maintenance of monitoring System malntenance Is inten- monitoring. ment. System maintenance Is
— NANCE warning signs, and issuance of equipment equipment. siva during implementation. Intensive during Implementation.
=|- PROGRAMS ongoing health advisories.
<
-
E APPROVAL OF Approval Is denied as a resultof | Requirements for agency appro- | Approvals from the Clty of Approvals from the City of Approvals depend largely on Approvals from the City of Approvals depend largety on re-
RELEVANT agency commitments to mitigate | vals are minimal and are ex- Seattle, COE, EPA, and state Seattie, COE, EPA, and state result of pilot testing and nature | Seattle, COE, EPA, and state suits of pliot testing and the na-
E AGENCIES observed biolglcal effects. pected ta be readily obtalnable. | agencles are feasible. Avalla- agencies are feasible. Coordi- of the material foliowing treat- agencies are feasible. However, | ture of treatment residuals.
1l bllty of approvals for fadllity nation s required for establish- ment. dispasal of untreated COM Is
- siting are uncertain but are as- Ing discharge criteria for dredge considered less desirable than if
0. sumed feasible. However, dis- water maintenance. However, CDMis treated.
posal of untreated COM Is con- disposal of untreated COM Is
E sidered less desirable than it considered less desirable than if
— CDM is reated. CDMis treated.
COMPLIANCE AET levels In sediments are ex- | AET levels In sediments are ex- | WISHA/OSHA worker protection | WISHA/OSHA worker protection | WISHA/OSHA worker protection | WISHA/OSHA worker protection | WISHA/OSHA worker protection

required. Section 404 permit is
required. Altemative complies
with EPA policy for permanent
reduction in contaminant mobil-
ity. Requires RCRA pemit for
disposal of concentrated organ-
ic waste,

AVAILABILITY

AVAILABILITY OF
SITES, EQUIP-
MENT, AND
METHODS

All materials and procedures are
available,

All materals and procedures are
avajlable to Implement Institu-
tional controls.

Equlpment and methods to im- -
plement alternative are readlly
avallable. Potential nearshore
disposal sites have been iden-
tified but none are currently
available.

Equipment and methods to Im-
plement alternative are readlily
available. Potential upland dis-
posal sites have not been ident-
fled for disposal of untreated
COM.

Equipment and methods to im-
plement alternative are readily
avallable. Upland disposat sites
are potentially available.

Equipment and methods to im-
plement alternative ary readlly
avallable. Open waler CAD

sites are potentally avaltable.

Process equipment available.
Disposal site avallabllity is nota
primary concern because of re-
duction In hazardous nature of
material.
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TABLE 14. EVALUATION SUMMARY FOR NORTH HARBOR ISLAND PROBLEM AREA

Clamshel l/ Clamshell/
Clamshell/ Clamshell/ Solidification/ Solvent
Institutional Clamshell/ Nearshore Upland Upland Extraction/
No action Controls CAD Disposal Disposal Disposal Upland Disposal

Short-Term
Protectiveness Low Low Moderate Moderate Moderate Moderate Moderate
Timeliness Low Low High Moderate Moderate Moderate Moderate
Long-Term
Protectiveness Low Low High Moderate Moderate High High
Reduction in
Toxicity,
Mobility, or
Volume Low Low Low Low Low Moderate High
Technicat
Feasibility High High Moderate Moderate Moderate Moderate Moderate
Institutional
Feasibility Low Low Moderate Moderate Moderate Moderate Moderate
Availability High High Low Low Low Moderate Moderate
Estimated
Cost
Initial --- 30,000 1,500,000 4,300,000 13,000,000 22,000,000 74,000,000
O&M .-~ 610,000 2,300,000 560,000 900, 000 700,000 700,000
Total b 640,000 3,800,000 4,900,000 14,000,000 23,000,000 75,000, 000
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mobility, and volume; technical feasibility; institutional feasibility;
availability; capital costs; and 0&M costs. Remedial costs are based on the
estimated volume of sediments that exceed sediment cleanup goals in the
North Harbor Island problem area (Figure 28).

7.3.1 Short-Term Protectiveness

The no action and institutional controls alternatives rated low for
the short-term protectiveness criterion. In the absence of remedial action
or implementation of source controls, contaminant inputs will continue at
pre-remediation levels and exposure potential will remain at unacceptable
levels. Implementation of the institutional controls alternative will
decrease the level of contaminant inputs over the Tong-term, but sediments
will remain unacceptably contaminated and exposure potential will remain
over the short-term.

A1l sediment remedial alternatives which invoilve dredging of contami-
nated sediments received a moderate rating under the short-term protective-
ness criterion, primarily due to the potential for resuspension of contami-
nated sediment. Confined aquatic disposal of sediments would also resuspend
sediments during the disposal phase of remediation. Alternatives that
include either solidification or solvent extraction as a treatment technology
require additional handling of contaminated dredge material, increasing the
potential for community or worker exposure.

A1l the sediment remedial alternatives would destroy the existing
benthic habitat over the short-term, except for the no action and institu-
tional controls alternatives. Alternatives that involve sediment removal
and disposal in either a confined aquatic, nearshore, or upland disposal
facility also require additional land. One possible positive tradeoff on the
additional land use required for confined aquatic disposal is the placement
of contaminated sediments in a separate problem area in Elliott Bay and
confining the contaminated sediments from two problem areas under a single
cap.
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7.3.2 Timeliness

The no action and institutional controls alternatives were rated low
under the timeliness criterion. With no action, sediments remain unaccept-
ably contaminated, source inputs continue, and natural sediment recovery is
unlikely. Source inputs are controlled under the institutional controls
alternative, but as discussed in Section 3.2.4, sediment recovery based on
the enrichment ratios for total PCBs, mercury, and 4,4’-DDD is estimated to
be improbable within an acceptable timeframe.

Moderate ratings were assigned to alternatives involving clamshell
dredging and nearshore or upland disposal. Obtaining approvals and
construction of a confined nearshore or upland facility for untreated
contaminated dredge material would likely take from 1-2 yr. Equipment and
methods will not require development. Pre-impiementation modeling and
testing is not expected to be extensive. Development of a treatment
technology for managing contaminated dredge water at the disposal site is
not expected to require an extensive period of time for testing or develop-
ment. The period estimated for the implementation of either of these
alternatives is from 2-4 yr.

The alternatives involving solidification and solvent extraction also
received a moderate rating under the timeliness criterion. The treatment
technologies are expected to require an extensive period of testing prior
to acceptance. Assuming a treatment rate of 500 yd3/day, treatment of the
contaminated sediments from the North Harbor Island problem area would
require approximately 2 yr.

The clamshell dredging/CAD alternative received a high rating under the
timeliness criterion. Clean sediments are assumed to be readily available
for the éappingvof contaminated dredge material. Once a confined aquatic
disposal site is designated, implementation of this alternative would be
feasible within approximately 1 yr.
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7.3.3 Long-Term Protectiveness

The long-term protectiveness evaluation resulted in the assignment of
low ratings to the no action and institutional controls alternatives for the
North Harbor Island problem area. The timeframe for sediment recovery is
too long to expect more than minimal improvements in the contaminated
sediments with institutional controls. Contaminated sediments would remain
after the implementation of source controls, though contaminant concentra-
tions would gradually decline. Biological impacts (e.g., bioaccumulation,
decreased benthic abundance) would continue, and the potential for community
exposure would remain at unacceptable levels.

Alternatives involving nearshore or upland disposal of untreated
sediments received moderate ratings under the long-term protectiveness
criterion. The physicochemical changes, primarily in redox potential, will
increase the potential for contaminant migration when contaminated sediments
are moved to a different environment. The migration potential can be
modeled following dredge material testing to help determine the engineering
controls required to ensure reliability of the containment structure. A
nearshore facility would also be exposed to wave and tidal action which
requires that a structurally reliable facility be constructed. The long-
term success of nearshore disposal for the isolation and containment of
contaminated sediment has not been demonstrated. Upland disposal facilities
are generally considered to be the most secure disposal option because of the
availability of engineering controls. However, the potential for impacts on
groundwater resources will still remain over the long-term due to the
migration and leaching potential of contaminated dredge material.

The clamshell dredging/solidification/upland disposal and clamshell
dredging/solvent extraction/upland disposal alternatives received a high
rating under the.evaluation for lTong-term protectiveness. Both alternatives
should prove feasible in the treatment of contaminated dredge material from
the North Harbor Island problem area. Testing and modeling of the long-term
leaching potential of solidified material will be required. The solvent
extraction process should be successful for the removal of organics and
isolation of metals.
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The alternative involving confined aquatic disposal received a high
rating for the long-term protectiveness criterion. Cap thickness can be
maintained over the long-term to assure isolation of the contaminated
sediments and. for preventing exposure of sensitive organisms. The physico-
chemical state of the contaminated dredge material is maintained, so the
potential for migration is less than the potential for migration with
nearshore or upland disposal.

7.3.4 Reduction in Toxicity, Mobility, and Volume

A1l alternatives except those involving post removal sediment treatment
received Tow ratings under the evaluation criterion for reducing toxicity,
mobility, and volume. In the absence of treatment, the toxicity, mobility,
and volume of contaminants in North Harbor Island sediments would remain.

The clamshell dredging/solidification/upland disposal alternative
received a moderate rating under the criterion for reduction of toxicity,
mobility, and volume. The toxicity of contaminated dredge material would be
lowered by the solidification process, however, the contaminants would
remain unaltered and potential toxicity would be unchanged. The mobility of
contaminants would be decreased through the solidification process, but the
volume of material for disposal would increase.

The clamshell dredging/solvent extraction/upland disposal alternative
received a high rating under the evaluation criterion for reducing toxicity,
mobility, and volume. The toxicity and mobility of contaminants in
contaminated dredge material are reduced through the removal of contaminants.
The volume of contaminated material requiring disposal would be reduced to
the amount of material generated during the treatment process.

7.3.5 Technical Feasibility

The no action and institutional controls alternatives were rated high
under the technical feasibility criterion. The no action criterion is by
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definition technically feasible. Institutional controls are considered to
have a high degree of technical feasibility.

Al11 -alternatives that involve removal of contaminated sediments from
the North Harbor Island problem area received a moderate rating under the
evaluation for technical feasibility. The depths at which contaminated
sediments are found (up to 165 ft) dictate that if sediment removal is a
component of the sediment remedial alternative selected, a dredging technique
suitable for depths below 100 ft must be used.

7.3.6 Institutional Feasibility

The no action and institutional controls alternatives were assigned low
ratings under the institutional feasibility criterion. Long-term protection
of public health and the environment are not accomplished through the
implementation of either alternative. Neither of the alternatives would
comply with the mandate of the Puget Sound Water Quality Authority for
improving the quality of Puget Sound.

Moderate ratings were assigned to the remaining alternatives for a
variety of reasons. Although the disposal options for contaminated sediments
are expected to be resolved in the future, there is significant uncertainty
at this time regarding potential aquatic, nearshore, and upland disposal
facility availability. Potential difficulties may arise in obtaining
approval for treatment sites and implementation of treatment technologies.

7.3.7 Availability

The no action and institutional controls alternatives received a high
rating for availability because they can be readily implemented. The no
action and institutional controls alternatives do not depend on equipment or
disposal site availability, so there are no obstacles to implementation.

Under the availability criterion, 1low ratings were assigned to
alternatives that involve disposal of contaminated sediment from the North
Harbor Island problem area in nearshore, upland, or confined aquatic
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disposal sites. Candidate alternatives were developed under the assumption
that nearshore, upland, and confined aquatic disposal sites will be
available. However, there are no sites currently approved for use and no
approved sites are currently under construction. The equipment and expertise
required to implement the clamshell dredging/CAD, clamshell dredging/near-
shore disposé], and clamshell dredging/upland disposal alternatives are
readily available.

The sediment remedial alternatives involving solidification or solvent
extraction and disposal at an upland facility were rated moderate under the
availability criterion. Availability of equipment and expertise are not
expected to present any obstacles to the implementation of either of these
alternatives. Development and construction of a treatment facility will
require acquisition of a suitable site, which will be the major obstacle to
the implementation of treatment alternatives. Assuming that treatment tech-
nologies are successful, disposal at an upland facility such as Coal Creek is
possibie.

7.3.8 Cost

The assumptions used for costing sediment remedial alternatives are
presented in Section 7.1.8 and Appendix D. Total costs of sediment remedial
alternatives for the North Harbor Island problem area are presented in
Table 14. A breakdown of the initial and 0&M costs for the candidate
alternatives is presented in Appendix D. Costs for the candidate sediment
remedial alternatives are presented in order of lowest to highest initial
cost.

Initial costs for implementation of the institutional controls
alternative include those costs required to access restriction signs.
Environmental monitoring and educational program costs (i.e., O&M costs)
associated with this alternative are similar to 0&M costs for alternatives
involving nearshore or upland disposal.

The initial costs for the clamshell dredging/confined aquatic disposal
alternative are less than initial costs associated with all other alterna-
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tives involving removal and disposal. However, the 0&M costs for the
environmental monitoring and maintenance of a CAD site are greater than the
O&M costs for monitoring and maintenance of upland or nearshore disposal
facilities.

Initial costs for implementing the clamshell dredging/nearshore
disposal alternative at the North Harbor Island problem area are greater
than the clamshell dredging/confined aquatic disposal alternative primarily
due to costs associated with construction of the disposal facility. The
initial costs for the construction of a nearshore disposal facility are
partially offset by the reduced Q&M costs for the clamshell dredging/near-
shore disposal alternative relative to the clamshell dredging/confined
aquatic disposal alternative. However, the total costs are slightly greater
for the nearshore disposal alternative.

The clamshell dredging/upland disposal alternative requires increased
initial costs for construction compared to confined aquatic and nearshore
disposal alternatives. The 0&M costs for upland disposal facilities are
greater than O0&M costs for nearshore facilities because the assumed fill
depth results in a larger area for monitoring and maintenance. However, the
0&M costs for upland disposal facilities are lower than 0&M costs for
confined aquatic disposal sites because monitoring and maintenance are more
easily implemented.

The alternatives involving solidification or solvent extraction
technologies have a high initial cost, because the treatment technologies
require facility development and construction, and the technologies
themselves have a high unit cost. Operation and maintenance costs are
similar to many of the other candidate alternatives. The initial costs for
alternatives involving treatment technologies are not considered to be cost-
effective when compared with other candidate sediment remedial alternatives
for the North Harbor Island problem area.
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7.4 PREFERRED ALTERNATIVE FOR NORTH HARBOR ISLAND

The clamshell dredging/confined aquatic disposal alternative was
selected .as the preferred alternative for the North Harbor Island problem
area based on the evaluation summary and estimated cost. This alternative
rated high for long-term protectiveness and timeliness. Long-term protec-
tiveness is assumed to be better for this alternative than alternatives
involving nearshore or upland disposal. The long-term protectiveness is
similar to the long-term protectiveness of treatment technologies because of
the isolation of contaminated sediments at in situ conditions. The high
rating for timeliness is based on the relative time required to implement
this alternative when compared with other alternatives.

The low rating for availability was weighted heavily by the lack of a
designated confined aquatic disposal site. As discussed earlier in this
report, designation of a confined aquatic disposal site is anticipated for
E1liott Bay. The clamshell dredging/confined aquatic disposal alternative
was given moderate ratings for technical and institutional feasibility, and
short-term protectiveness. All other alternatives were assigned a similar
rating under these criteria.

The low rating for reduction in toxicity, mobility, and volume indicates
that the contamination problem in the sediments from the North Harbor Island
will remain. The application of a treatment technology or natural processes
are the only methods for reduction in toxicity, mobility and volume.
Treatment technologies may be developed which are cost-effective for the
remediation of contaminant sediments. Until a cost-effective treatment
technology for simultaneously treating organic and inorganic wastes in
sediment 1is developed, implementation of sediment remedial alternatives
involving treatment technologies is not practical.
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TABLE A-1.

CONCENTRATION OF INORGANICS IN DENNY WAY CSO OFFSHORE SEDIMENTS

(MG/KG DRY WEIGHT = PPM)

Survey Station Sample Rep Antimony Arsenic B8eryllium Cadnium Chromium Copper [ron
PTI and”
Tetra Tech
1988 NS-01 NS-01" 23.9 4.9 1.14 E104 251 29000
Malins et
al. 1980 10041 10041 6.5 58.8
Romberg
et al.
1984 1406 1406 1.9 108.5
1512 1512 12.5 53.5
1603 1603 16.7 113
1606 1606 10.6 45.5
1612 1612 15 58
1706 1706 12.3 52
1810 1810 1.5 70
AO60  A0&0 0.87 0.5 0.79 2.8 39 964 11000
BO40  BO&O 1.3 12 1.1 1.5 50 140 32000
€060  C060 u0.03 44 0.89 1.5 51 61 24000
S0032 $0032 0.45 9.3 0.33 0.86 52 49 18000
Romberg
et al.
1987 8C-09 1 0.2 35
BC-33 2 0.6 60
BC-26 3 1.0 68
BC-19 4 1.1 73
80-17 5 2.4 72
BC-25 6 1.1 72
8C-30 7 2.4 102
BC-22 8 2.0 109
BC-18 9 1.7 101
BC-16 10 2.3 92
BD-13 11 1.6 70
BD-10 12 1.9 86
BC-28 13 0.5 58
BC-32 14A 0.6 55
BC-23 15 0.5 42
BC-29 16 1.7 116
8c-21 17 2.6 132
BC-17 18 3.2 140
BD-15 19 01 2.8 212
BD-15 19 02 3.4 147
8D-15 19 Mean 3.1 179
8D-12 20 2.7 162
80-09 21 2.3 12
BD-08 22 2.4 106
8D-07 23 2.3 94
BC-24 24 1.9 70
BC-31 25A 1.6 90
BC-27 26A 0.8 609
BD-16 27 3.2 264
_ BD-14 28 6.1 302
BD-18 30A 1.8 87
A-1
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TABLE A-1. (Continued)

Survey Station Sample Rep Lead Manganese Nickel Selenium Silver Thallium 2inc Mercury

PTl and

Tetra Tech

1988 NS-01 NS-01 217 ES25 43.5 ue. 1 E8.27 E158 E0.405

Malins -

1980 10041 100641 74.3 3.8 97.8 1.1

Romberg

et al,

1984 1406 1406 149.5 155
1512 1512 7% 105
1603 1603 530 433.3
1606 1606 68.5 118
1612 1612 94 115
1706 1706 115 193.3
1810 1810 101 120
A060  AQ&O 220 220 54 0.07 0.72 u0.007 210 0.7
8060 BO&O 120 280 58 0.65 1.2 u0.015 140 ug.012
C060 €040 110 290 63 0.02 0.89 u0.01 180 u0.007
$0032 0032 120 200 38 uo.2 1.9 uo. 100 0.06

Romberg

et al.

1987 8C-09 1 48 150 0.49
8C-33 2 78 232 0.59
BC-26 3 1M1 205 0.66
BC-19 & 147 179 0.69
BD-17 5 176 376 0.76
BC-25 6 136 234 0.88
8C-30 7 256 271 0.97
BC-22 8 246 27 1.2
BC-18 ¢ 199 260 1.2
8C-16 10 196 294 1.0
80-13 11 124 319 0.58
BD-10 12 193 224 1.2
BC-28 13 84 187 0.42
BC-32 14A 97 143 0.47
BC-23 15 95 165 0.23
BC-29 16 241 241 0.57
BC-21 17 398 273 1.8
BC-17 18 398 374 0.99
BD-15 19 01 340 248 2.2
BD-15 19 02 407 307 1.1
80-15 19 Mean 373 277 1.7
8D-12 20 267 257 1.1
BD-09 21 304 268 1.7
BD-08 22 148 262 1.1
80-07 23 260 258 0.98
BC-24 24 149 188 0.74
BC-31 25A 178 295 0.72
BC-27 26A 109 170 0.44
BD-16 27 350 445 g.70
8D-14 28 478 672 2.2
BD-18 30A 186 272 1.0

Data Qualifiers:
U = Substance undetected at the method detection limit shown.

E = Quantity listed is an estimated value,

A-2
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TABLE A-2.

CONCENTRATION OF LOW MOLECULAR WEIGHT

AROMATIC HYDROCARBONS IN DENNY WAY CSO OFFSHORE SEDIMENTS

(UG/KG DRY WEIGHT = PPB)

Naphth-  Acenaph- Acenaph- Phenan-  Anthra-

Survey Station Sample alene thylene thene Fluorene threne cene

PTI.and

Tetra Tech

1988 NS-01 NS-01 u3s E1.7 E29 E15 £230 ESO

Malins

1980 10041 10041 220 20 50 60 400 230

Romberg

et al.

1984 AD60  A060 E17 E17
$0032 S0032 560 E51 430 5400 £2100

Romberg

et al.

1987 8c-33 2 uso u180 u100 U100 u270 u100
BC-26 3 120 u180 u100 u100 580 210
BD-17 5 140 U180 U100 130 1050 360
BC-30 7 500 u180 120 c8o 1900 580
BC-16 10 170 u180 140 130 1200 400
BD-10 12 110 u180 U100 u100 550 250
BC-32 14A 110 u180 u100 u100 400 U100
BC-23 15 uso u180 U100 u100 450 240
BC-29 16 130 u180 120 1500 1220 240
8c-21 17 170 u180 200 u100 4400 1170
8C-17 18 140 u180 u100 300 2280 170
BD-15 19 250 u180 170 640 3700 260
80-12 20 150 u180 130 150 1470 250
BD-09 21 uso u180 u100 160 800 210
BD-08 22 120 u180 120 260 1810 2260
cCc-31 25A uso u180 140 u100 350 u100
BC-27 26A uso u180 U100 u100 240 U100
8D-16 27 1340 u180 12800 31500 98600 40700
8D-14 28 350 u18o 410 900 6400 3510
BD-18 30A ugo u180 u100 U100 550 200

Data Qualifiers:

U = Substance undetected at the method detection limit shown.

E = Quantity listed is an estimated value.
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TABLE A-3.

HYDROCARBONS [N DENNY WAY CSO OFFSHORE SEDIMENTS

CONCENTRATION OF HIGH MOLECULAR WEIGHT AROMATIC

(UG/KG DRY WEIGHT = PPB)

Dibenzo- Total
Benzo(b)- Benzo(k)- Indeno- (a,h)- Benzo- Benzo-
Fluor- Benzo(a)- fluor- fluor- Benzo(a)- (1,2,3-cd)- anthra- (g,h,i)- fluoran-
Survey Station Sample anthene Pyrene anthracene Chrysene anthene anthene pyrene pyrene cene perylene  theres
PTI and
Tetra Tech
1988 NS-01 NS-01 £440 E370 u2.1 U2.4 E94 E140 u2.6 u2.8 Ué4.3 u2.5
Malins et
al. 1980 10041 10041 490 640 310 360 260 150
Romberg
et al.
1984 AD60  A060 72 53
B80S0  BO&O E610 E610 E610
S0032 S0032 10000 12000 5400 8900 1300 640 720
Romberg
et al.
1987 8C-33 2 250 2620 190 360 360 usoo uso0o0 usoo 480
8C-26 3 900 1000 610 1130 850 560 usoo 720 1200
BD-17 5 1590 1600 1070 U130 ut3o 610 us00 710 2600
BC-30 7 2170 2020 1730 2400 1700 U500 us00 740 2400
BC-16 10 1460 1830 1060 1400 1060 560 usoo0 us00 1680
BD-10 12 880 890 1100 1200 850 610 usoo 680 1500
BC-32 14A 300 260 250 510 340 U500 useo us00 520
BC-23 15 430 370 370 590 780 usoo usoo us00 950
BC-29 16 1730 1450 1060 1190 950 790 uso0 620 1530
8C-21 17 6800 5200 4000 5000 2400 1300 usog 1400 4500
8C-17 18 3230 2750 2180 2860 1760 800 U500 800 2700
BD-15 19 4800 4000 3200 4000 1740 700 usoo usoo 3500
BD-12 20 1900 2000 1200 1530 820 U500 usco uso0 1980
BD-09 21 690 640 830 470 560 usoo0 usoo 700 1120
BD-08 22 2500 1840 2720 3140 870 800 usoo usoo 2370
BC-31 25A 460 440 290 480 280 usao usoo us00 540
8C-27 26A 240 240 150 280 170 us00 usoo usoo 350
BD-16 27 61500 36200 10700 26500 7500 usoo useo us00 16400
BD-14 28 6730 5000 3140 4000 1900 usoo usoo usoo0 3300
BD-18 30A 660 630 390 680 490 us00 usoo 930
Data Qualifiers:
U = Substance undetected at the method detection limit shown.
E = Quantity listed is an estimated value.
A-4
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TABLE A-4. CONCENTRATION OF PHENOLS IN DENNY WAY CSO OFFSHORE SEDIMENTS
(UG/KG DRY WEIGHT = PPB)

2,4~
2-Methyl- 4-Methyl- Dimethyl-
Survey Station Sample Pherol  phenol phenol phenol
- PTI and

Tetra Tech
1988 NS-01 NS-01 u6.0 u13 E37 u7z
Romberg
et al.
1987 BC-33 2 uso

BC-26 3 use

BD-17 S 90

8C-30 7 uso

BC-16 10 uso

BD-10 12 uso

BC-32 14A 100

BC-23 15 uso

BC-29 16 580

BC-21 17 140

8C-17 18 uso

BD-15 19 190

BD-12 20 240

BD-09 21 130

BD-08 22 860

BC-31 25A 100

BC-27 26A uso

BD-16 27 900

BD-14 28 1900

BD-18 30A 220

Data Qualifiers:
U = Substance undetected at the method detection limit shown.

E = Quantity listed is an estimated value.
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TABLE A-5. CONCENTRATION OF SUBSTITUTED PHENOLS IN
DENNY WAY CSO OFFSHORE SEDIMENTS
(UG/KG DRY WEIGHT = PPB)

2,4 4-Chloro-  2,4,6- 2,4,5- Penta-

) 2-Chloro- Dichloro- 3-methyl- Trichloro- Trichloro- chloro- 2-Nitro-
Survey Station Sample phenol  phenot phenol phenol phenot phenol phenol
PTI and
Tetra Tech
1988 NS-01 NS-01 U1z u33 uté u31 u3s U2200
Romberg
et al.

1987 8C-33 2 u180 u120
BC-26 3 u180 u120
8D-17 S 790 380
BC-30 7 u1so
80-08 22 560

Data Qualifiers:

U = Substance undetected at the method detection Limit shown.
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TABLE A-6. CONCENTRATION OF CHLORINATED ARQMATIC HYDROCARBONS
IN DENNY WAY CSO OFFSHORE SEDIMENTS
(UG/KG DRY WEIGHT = PPB)

1,3- 1,64~ 1,2- 1,2,4- 2-Chloro- Hexa-

Dichloro- Dichloro- Dichloro- Trichloro- naphtha- chloro-
Survey Station Sample benzene benzene benzene benzene lene benzene
PTI and
Tetra Tech
1988 NS-01 NS-01 U110 u110 U110 ut8o u1l4 uo3
Malins et
al. 1980 10041 10041 0.3

Data Qualifiers:

U = Substance undetected at the method detection limit shown.
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TABLE A-7. CONCENTRATION OF CHLORINATED ALIPHATIC HYDROCARBONS
IN DENNY WAY CSO OFFSHORE SEDIMENTS
(UG/KG DRY WT = PPB)

Hexachloro-
survey Station Sample butadiene

PTI and
Tetra Tech
1988 NS-01 NS-01 2200

Romberg
et al.
1984 $0032 S0032 5.1

Data Qualifiers:

U = Substance undetected at the method detection limit shown.
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TABLE A-8.

DENNY WAY CSO OFFSHORE SEDIMENTS

CONCENTRATION OF PHTHALATES IN

(UG/KG DRY WEIGHT = PPB)

Bis-
Di-n- Butyl (2-ethyl- Di-n-
Dimethyl- butyl- benzyl hexyl)- octyl-
Survey Station Sample phthalate phthalate phthalate phthalate phthalate
PT! and
Tetra Tech
1988 NS-01 NS-01 E17 u2.3 ut.é
Romberg
et al.
1984 A060  A060 E17 520
B060  BO&O 23000
S0032 $0032 770 13000
Romberg
et al.
1987 BC-33 2 u8o U130 u130 1340 u130
BC-26 3 ugo 1670 220 1090 250
BD-17 5 uso 1420 380 17300 1160
BC-30 7 usgo 790 650 15600 U130
BC-16 10 ugo 1000 500 400 U130
BD-10 12 u8o 700 250 2240 450
BC-32 14A u8o u130 U130 12100 U130
BC-23 15 ugo U130 710 8800 u130
BC-29 16 use 400 410 22500 U130
8c-21 17 uso 940 870 37000 U130
8C-17 18 u8o 1030 310 12400 u130
8D-15 19 100 1020 680 18200 u130
80-12 20 u8o 810 810 20800 u130
BD-09 21 u8o 590 230 4300 u130
80-08 22 ugo 610 540 34100 u130
BC-31 25A u8o 910 160 53700 u130
8C-27 26A u8o u130 u13g 800 u130
BD-16 27 180 340 1100 1200 u130
B8D-14 28 120 280 1830 400 U130
BD-18 30A u8o U130 520 500 u130

Data Qualifiers:

U=

m
]

Substance undetected at the method detection limit shown.

Quantity listed is an estimated value.
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CONCENTRATION OF MISCELLANEOUS OXYGENATED COMPOUNDS
IN DENNY WAY CSO OFFSHORE SEDIMENTS
(UG/KG DRY WEIGHT = PPB)

TABLE A-9.

Benzyl Benzoic Dibenzo- 2-Methyl-
Survey Station Sample Isophorone alcohol acid furan naphthalene
PTI and
Tetra Tech
1988 NS-01 NS-01 u22 u310 U110 E18 E7
Malins et
al. 1980 10041 10041 90

Data Qualifiers:
U = Substance undetected at the method detection Limit shown.

E = Quantity listed is an estimated value.
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TABLE A-10. CONCENTRATION OF PESTICIDES AND PCBS IN DENNY WAY CSO OFFSHORE SEDIMENTS
(UG/KG DRY WEIGHT = PPB)

Gamma-
Alpha- Beta- Delta- BHC
Survey ~ Station Sample 4&,4’-DDE 4,4/-D0D 4,4/-DDT Aldrin Dieldrin BHC BHC BHC (lindane)

PTI and
Tetra Tech
1988 NS-01 NS-01 Us.8 us.9 Us.3 ué.4 ué.1 uz2.7 U6.0 u3.3 us.1
Romberg
et al.
1984 S0032 s0032 21 12 95
Endrin- Hepta- Total
Survey Station Sample Chlordane Endrin aldehyde chlor PCBs
PTI and
Tetra Tech
1988 NS-01 NS-01 u72 us.5 uz.2 ué.1 U390
Malins et
al. 1980 10041 10041 158
Romberg
et al.
1984 1606 1406 1930
1512 1512 1712
1603 1603 2145
1606 1606 2624
1612 1612 mmnm
1706 1706 479
1810 1810 742
A060 A0S0 8.1
BOSO  BO&O 170
C060 €060 2.3
$S0032 $s0032 1448
Romberg
et al.
1987 BC-33 2 260
BC-26 3 410
BD-17 5 510
8C-30 7 770
8C-16 10 580
BD-10 12 670
BC-32 14A 160
BC-23 15 170
BC-29 16 290
BC-21 17 300
BC-17 18 490
BD-15 19 30
BD-12 20 120
BD-09 21 30
BD-08 22 1510
BC-31 25A 510
BC-27 26A 220
BD-16 27 300
BD-14 28 1060
80-18 30A 930

Data Qualifiers:

U = Substance undetected at the method detection Limit shown.
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TABLE A-11, CONVENTIONAL PARAMETERS IN DENNY WAY CSO OFFSHORE SEDIMENTS
Percent
Percent Percent Total Oil and
3 Total Volatile Organic Percent Grease Sulfide

Survey Station Sample Rep Solids Solids Carbon Nitrogen  (ppm) (ppm)
PTI and -
Tetra Tech
1988 NS-01 NS-01 83.03 2.18 E0.43 0.034 790 66
Romberg
et al.
1987 8C-09 1 56.17 3.99

8C-33 2 51.95 5.23

BC-26 3 52.35 5.72

BC-19 & 55.42 5.53

BD-17 5 49.43 6.60

BC-25 6 48.33 7.78

BC-30 7 48.88 8.33

8c-22 8 56.04 5.18

BC-18 ¢ 49.14 7.22

BC-16 10 50.40 6.83

BD-13 11 57.94 5.47

BD-10 12 49.88 6.08

B8C-28 13 27.81 13.1

BC-32 14A 40,15 8.27

BC-23 15 62.77 5.13

BC-29 16 57.52 7.52

BC-29 16 57.52 7.52

BC-21 17 59.27 9.63

BC-17 18 54.83 8.81

BD-15 19 01 50.83 9.48

BD-15 19 02 48.36 1.2

BD-15 19 Mean 49.59 10.3

BD-12 20 51.02 7.41

BD-09 21 48.91 9.35

80-08 22 54.53 7.38

80-07 23 49.95 7.13

BC-24 24 54.86 5.90

BC-31 25A 43,39 7.91

BC-27 26A 59.57 4,57

BD-16 27 70.86 3.84

BD-14 28 41.02 14.5

BD-18 30A 38.61 8.63

Data Qualifiers:

E = Quantity listed is an estimated value.
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APPENDIX B

NORTH HARBOR ISLAND AREA
SEDIMENT CONTAMINANT DATA
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TABLE B-1. CONCENTRATION OF INORGANICS IN NORTH HARBOR ISLAND OFFSHORE SEDIMENTS
(MG/KG DRY WEIGHT PPM)

Survey Station Ant imony Arsenic B8eryllium Cadmium Chromium Copper

PT! and

Tetra Tech

1988 NH-01 34.2 23.7 0.29 E97 85.5
NH-02 110 22.8 0.52 E98 163
NH-03 249 119 1.83 ES0 2050
w-20 163 39.8 0.38 E67 167

U.S. EPA

Region X

1982, 1983 ES36 8.7 1 162
E37 16.3 0.7 302
E39 0.1 18 0.6 1220
E4 82 0.9 48 0.3 160
E4 83 14.5 560 1.6 2820
E40 1.7 34.5 0.3 257
E41 7.2 0.3 124
ES 26 0.2 104

Gamponia

et al.

1988 HE-02 1 21 0.34 41 110
HE-O1 2 110 1 94 440
HE-03 3 300 1.8 190 2000
HD-04 4 79 0.686 37 170
HD-083 5 43 0.33 36 130

Malins et

‘al. 1980 10016 6.7 90.2

Romberg

et al.

1984 S0063 3.9 7.1 0.2 0.28 27 80

Stober and

Chew 1984 U121 83.7 1.4 0.24 62.8 220
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TABLE 8-1. (CONTINUED)

Survey Station iron Lead Manganege Nicksel Mercury Selgnium
PTi and
Tetra Tech
1988 NH-01 34200 61.3 €534 41.5 E0.223 uo.12
NH-02 41000 113 E639 33.8 £0.565 0.3
NH-03 74200 550 £1040 82.4 €10.5 0.49
Www-20 40900 101 €680 22.7 €0.776 0.18
U.S. EPA
Region X
1982, 1983 E36 80 164 0.316 0.3
€37 966 235 0.928 0.4
€39 281 766 0.852 0.2
E4 82 83 134 0.7
E4 83 193 1460 7.67
E40 118 208 0.767 0.3
E41 85 168 0.767 0.2
Eb 123 163 0.4 1.2
Gamponia
et al.
1986 HE-02 1 87 16 0.55
HE-O01 2 270 25 1.8
HE-03 3 730 47 14
HO-04 4 98 18 0.76
HD-03 5§ 100 13 0.87
Malins et
al. 1980 10016 60.8 1.4
Romberag
et ai.
1984 $0083 14000 190 160 4.9 0.4 0.2
Stober and
Chew 1984 U121 60.6 722 30.7 0.654
B-2
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TABLE 8-1. (CONTINUED)

Survey Station Silver Zinc

PT1 and

Tetra Tech

1988 NH=-01 E0.24 E196
NH-02 E0.52 E228
NH-03 E1.02 E1300
wWwW-20 €0.36 E259

U.S. EPA

Region X

1982, 1983 E36 0.569 191
E37 1.16 3086
E39 0.1 578
E4 82 0.4 207
E4 83 1.04 3205
E40 0.42 395
E41 0.43 140
ES 136

Gamponia

et al.

1986 HE-02 1 140
HE-01 2 690
HE-03 3 1900
HD-04 4 250
HD-03 ] 200

Malins et

al. 1880 10018 1.9 108

Romberg

et af.

1984 - 50063 0.16 84

Stober and

Chew 1984 U121 0.2 859
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TABLE B-2. CONCENTRATION OF LOW MOLECULAR WEIGHT AROMATIC HYDROCARBONS
IN NORTH HARBOR |ISLAND OFFSHORE SEDIMENTS
(UG/KG DRY WEIGHT = PPB)

Naphtha- Acenaph- Acsenaph- Phenan~ Anthra-
Survey Station lene thytene thene Fluorene threne cane
PTI and
Tetra Tech »
1988 NH-01 E110 E110 E74 E100 E880 E460
NH-02 €200 E160 E150 E260 1200 E660
NH-03 13:1:10) E230 E590 E320 E3700 E1900
ww-20 £210 E75 EB3 E79 €650 E240
U.S. EPA
Region X
1982, 1983 E36 E270
E37
E39
£4 83 1300
E4 82
€40
E41
ES E200
Gamponia
et al.
1986 HE-02 t U0 uo uo L90O L8560 L250
HE-01 2 U0 vo uo uo uo uo
HE-03 3 L1200 L490 uo " L700 L3500 L1300
HD-04 4 U0 uo uo vo L490 uo
HD-03 5 L1556 uo uo uo L1100 L250
Malins et
al. 1980 10016 610 10 210 210 1600 1200
Romberg
et al.
1984 S0063 E47 950 1300 450 110
Stober and
Chew 1984 U121 51 7 98 b16 239
B-4
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TABLE B-3. CONCENTRATION OF HIGH MOLECULAR AROMATIC HYDROCARBONS
IN NORTH HARBOR ISLAND OFFSHORE SEDIMENTS
. (UG/KG ORY WEIGHT = PPB)

Benzo- Benzo-
(a) - (B+K) -
Fluor- anthra- Fluoran-
Survey Station anthene Pyrene cene Chrysene thenes
PT! and
Tetra Tech
1988 NH-01 1800 2300 1300 2400 4500
NH-02 E1700 1900 1100 2200 E2240
NH-03 E4400 E9200 E3300 £4300 E11800
ww-20 E930 1300 E620 E730 E1280
U.S. EPA
Region X
1982, 1983 E38 13000
E37 13000
E39 7000
E4 83 120000
€4 82 1600 1700
E40 7200
E41 1500
ES 1100 870
Gamponia
et al.
1986 HE-02 1 L1100 L1700 L170 L380 L1100
HE-01 2 L1500 L2300 L260 L500 L1600
HE-03 3 L5500 L7500 L1600 L1900 L5000
HD-04 4 L600 L730 vo uo L240
HD-03 5 L2100 L1800 L230 L360 L900
Malins et
al. 1980 10018 3200 2800 1400 900 2500
Romberg
et al.
1984 s0083 200 200 180 650 2200
Stober and
Chew 1984 U121 - 738 1262 472 9562 570
B-5

DUW 80036892
BVL

B-DUW2-2073365



TABLE 8-3. (CONTINUED)

Indeno- Dibenzo- Benzo-
Benzo- (1,2,3- (a,h)- (g.,h,i)
. (a)- c,d)~- anthra- pery-
Survey Station Pyrene Pyrene cene lene
PT! and
Tetra Tech
1988 NH-01 €1000 E680 E200 EB20
NH-02 €820 E430 E160 £370
NH-03 E3800 ES800 E2900 E4900
wwW-20 €490 E660 vt23 E410
U.S. EPA
Region X
1982, 1983 E38
E37
E39
E4 83
E4 82
£40
€41
EB
Gamponia
et al.
1986 HE-02 1 L5650 L100 uo L90
HE-01 2 Uo vo uo L120
HE-03 3 L10000 uo uo L750
HD-04 4 U0 uo uo vo
HD-03 5 L700 vo uo uo
Maiins et
al. 1980 10016 960 480
Romberg
et al.
1984 S0063 880 620 190 510
Stober and
389 110 266

Chew 1984 U121 336
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TABLE B8-4. CONCENTRATION OF PHENOLS IN NORTH HARBOR ISLAND OFFSHORE SEDIMENTS
(UG/KG DRY WE!GHT = PPB)

4- 2- 2,4-
- methyl- methyl - dimethyl-
Survey Station Pheno|l phenol pheno phenol
PTI and
Tetra Tech
1988 NH-01 uaz u7e u7s u20
NH-02 uz.1 U9 v18 ut3
NH-03 E6t us.s6 us.é6 ug.9
WW-20 un u29 v29
U.S. EPA
Region X
1982, 1983 E36
E37
E39
E4 82
E4 83
€40
E4
E5
Gamponia
et al.
1986 HE-02 1 L20 L140
HE-01 2 U0 L210
HE-03 3 Uo L193
HD-04 4 U0 uo
HD-03 &6 U0 L140
Malins et
al. 1980 10016
Romberg
et al.
1984 50063 27
Stober and

Chew 1984 U121
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TABLE B8-5. CONCENTRATION OF SUBSTITUTED PHENOLS IN NORTH HARBOR ISLAND SEDIMENTS
(UG/KG DRY WEIGHT = PPB)

2'416' 204-5-
2- 2,4-di- 4-chloro- tri- tri- penta~
chloro- chloro- 3-methyl- chloro~- chloro- chioro-
Survey Station phenoi phenol phenol phenol phenol phenot
PT! and
Tetra Tech
1988 NH-01 ue7 utio u26 ue1 UB6 E101
NH-02 ute uss u2s us2 u4s u3oo
NH-03 uz.9 u27 U9 uis - U40 usoo
wWw-20 u26 u4s u22 ub2 us2 u28o0
U.S. EPA
Region X
1982, 1983 E36
E37
E39
E4 82
E4 83
E40
€41
ES
Gamponia
et al.
19886 HE-02 1 vo L8.5
HE-O01 2 142 uo uo
HE-03 8 178 uo L110
HD-04 4 vo uo
HD-03 § uo uo
Malins et
al. 1980 10018
Romberg
et al.
1984 $0063
Stober and
Chew 1984 U121
B-8
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TABLE B-8. CONCENTRATION OF CHLORINATED AROMATIC HYDROCARBONS
IN NORTH HARBOR ISLAND OFFSHORE SEDIMENTS

. (UG/KG DRY WEIGHT = PPB)

1,2,4-
1,3- 1,4- 1,2- tri- 2-chioro- hexa-
dichioro- dichloro- dichloro- chloro- naphtha- chioro-~
Survey Station benzene benzene benzene benzene lene benzene
PT! and
Tetra Tech
1988 NH-01 U120 U120 u120 U300 ut9 U100
NH-02 U140 Uiao0 Ut40 U160 uie U120
NH-03 U190 utso 190 use6 u7.6 raco
wWw-20 U140 U140 U140 U230 u17? u210
U.S. EPA
Region X
1982, 1983 E38
E37
E39
E4 82
E4 83
E40
E4t
ES
Gamponia
et al.
1986 HE-02 1 uo uo vo uo uo
HE-01 2 U0 uo uo uo uo
HE-03 3 U0 uo uo uo uo
HD-04 4 U0 uo uo vo uo
HD-03 5 U0 uo ~uo uo uo
Malins et
al. 1980 10016 0.1

Romberg
et al.
1984 S0063

Stober and
Chew 1984 U121

B-9
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TABLE B-7. CONCENTRATION OF CHLORINATED ALIPHATIC HYDROCARBONS
IN NORTH HARBOR ISLAND OFFSHORE SEDIMENTS
~ (UG/KG DRY WEIGHT)

hexa- haxa-
chlioro- chloro-
Survey Station ethane butadiene
PT! snd
Tetra Tech
1988 NH-01 u2400
NH-02 U3000
NH-03 U670
Www-20 U28900
U.S. EPA
Region X
1982, 1983 E36
€37
E39
E4 82
E4 83
€40
€41
ES
Gamponia
et al.
1986 HE-02 1 vo uo
HE-01 2 uo vo
HE-03 3 vo uo
HD-04 4 vo uo
HD-03 § vo uo
Malins et

al. 1980 10016
Romberg

et al.

1984 S0063

Stober and
Chew 1984 - U121
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TABLE B-8. CONCENTRATION OF PHTHALATES IN NORTH HARBOR ISLAND OFFSHORE SEDIMENTS
(UG/KG DRY WEIGHT = PPB)

big-
di- di- di-n- butyl- (2-athyi- di-n-
mathyl- ethyl- butyl- benzyl- hexyl)- octyl-
Survey Station phthalate phthalate phthalate phthalate phthalate phthalate
PT! and
Tetra Tech
1988 NH-01 E30 ES4 E35
NH-02 Ut 86.1 ES2
NH-03 S E68 B81.8
WwW-2u EN B11 E76
U.S. EPA
Reglion X
1982, 1983 E36
E37
€39
E4 82
E4 83
E40
Ed41
ES
Gamponia
et al.
1986 HE-02 1 vo Vo L180 Vo uo
HE-01 2 U0 Uo vo uo 500 vo
HE-03 3 U0 uo L180 uvo 1400 uo
HD-04 4 UO uo uo uo vo
HD-03 5 U0 vo uo uo vo
Maling et
al. 1980 10016
Romberg
et al.
1984 $0063 230 E3.1 820
Stober and .
Chew 1984 U121 88
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TABLE B8-9. CONCENTRATION OF MISCELLANEQUS OXYGENATED COMPOUNDS
{N NORTH HARBOR ISLAND OFFSHORE SEDIMENTS
(UG/KG DRY WEIGHT = PP8)

2-methyl-
iso- benzyl benzoic dibenzo- naphtha-
Survey Station phorone alcohol acid furan lene
PTI and
Tetrs Tech
1988 NH-01 U200 U360 U182 E44 E30
NH-02 U20 U430 U100 E94 E72
NH-03 uz.7 us80 Ubs E480 E220
Ww-20 ut4 U400 U140 E40 E38
U.S. EPA
Region X
1982, 1983 E36
E37
E39
E4 82
E4 83 2300
E40
E41
ES U200
Gamponia
et al.
1986 HE-02 1
HE-01 2
HE-03 3
HD-04 4 862
HD-03 5
Malins et
at. 1980 10018 250
Romberg
st al.
1984 $0063
Stober and
Chew 1984 U121
B-12
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TABLE B-10. CONCENTRATIONS OF PESTICIDES AND PCBS
IN NORTH HARBOR |ISLAND OFFSHORE SEDIMENTS

(UG/KG ORY WEIGHT)

alpha- beta-

Survey Station 4,4'-DDE 4,4'-00D 4,4'-00T aidrin dieldrin HCH HCH
PT! and
Tetra Tech
1988 NH-01 us.s us.s us.7 U3.4 U4.8 v2.0 Us.0
NH-02 Us.o Us.9 U4.9 U3.6 Us.0 u2.1 Ub.2
NH-03 u20 120 u22 u1s vtz un u24
wWw-20 V4.0 us.8 u4.9 U3.6 us.0 uz.1 - Us.2
U.S. EPA
Region X
1982, 1983 E38
E37
E39
E4 82
E4 83
E40
E41
ES
Gamponia
et at.
1986 HE-02 1 vo vo vo
HE-01 2 uo uo uo
HE-03 3 uo uo vo
HO-04 4 vo uo uo
HD-03 & uo uo vo
Malins et

al. 1980 10016

Romberg

ot al.

1984 $0083 4.1 E£0.14
Stober and

Chew 1984 ‘U|21 2.5
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TABLE B-10. (CONTINUED)

gamma-
del ta- HCH endrin- hepta- toxa-
Survey Station HCH (| indane) chiordane endrin aldehyde chlor phene
PTI and
Tetra Tech
1988 NH-01 u2.6 u2.3 ue1 us4.8 ve.5 u3.2
NH-~02 uz2.8 v2.4 ve.s4 Us.1 ve.s u3.3
NH-03 U113 (K] U290 u23 ua2g ut?
wWw-20 v2.7 u2.4 ué3 Us.0 ue.? us.3
U.S. EPA
Region X
1982, 1983 E38
E3?
€39 200
E4 82
E4 83 200
E40 200
E41 200
EB
Gamponia
ot al.
1986 HE-02
HE-01 2
HE-03 3
HD-04 4
HD-03 §
Malins et

al. 1980 10016
Romberg

ot al.

1984 $0063

Stober and
Chew 1984 Ut2t
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TABLE B-10. (CONTINUED)

Arochlor Arochlor Arochlor Arochlor Arochlor Arochlor Arochlior

Survey Station 1018 1221 1232 1242 1248 1254 1260

PT! and

Tetra Tech

1988 NH-01
NH-02
NH-03
ww-20

U.S. EPA

Region X

1982, 1983 E36 E100 E1200
E37 E1400
E39 100 E100 720
E4 82 €200 £200
E4 83 100 E£200 3700
E40 100 €100 E200
E41 100 E250
€S 260 E200

Gamponia

et al.

1988 HE-02 1 uo uo uo L60 L50 L1700 L500
HE-01 2 UO uo vo L256 L25 L180 L150
HE-03 3 U0 vo -’ vo L420 1420 L2300 LS00
HO-04 4 U0 vo uo uo uo L1400 L8O
HD-03 B vo vo vo L7% L76 L130 L37

Malins et

al. 1980 10016

Romberg

et al.

1984 S0063

Stober and

Chew 1984 U121
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TABLE B-10. (CONTINUED)

) total

Survey Station PCBs

PTi and

Tetra Tech

1988 NH-01 E160
NH-02 E190
NH-03 E3300
wW-20 E160

U.S. EPA

Region X

1882, 1983 E36 €1300
E37 E1500
€39 £920
€4 82 E400
E4 83 E4000
E40 E400
EM E380
(3] E460

Gamponia

et al.

1986 HE-02 1 L2300
HE-01 2 L480
HE-03 3 L4000
HD-04 4 L1500
HD-083 6 L320

Malins et

al. 1980 10016 171

Romberg

et al.

1984 S0063 466

Stober and

Chew 1984 U121 198
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TABLE B-11. CONVENTIONAL PARAMETERS IN NORTH HARBOR ISLAND OFFSHORE SEDIMENTS

percent percent

percent total total oil and
. total voilatile organic percent grease sulfide

Survey Station solids sol ids carbon nitrogen (ppm) {ppm)
PT! and
Tetra Tach
1988 NH-01 71.99 2.93 €0.99 0.067 248 73

NH-02 60.40 5.82 €1.78 0.09 667 107

NH-03 41.18 7.25 E3.01 0.16 4089 3689

wW-20 63.77 3.93 £1.07 0.073 .286 35
Stober and
Chew 1984 U121 62.2 3.17 0.850 0.057 142
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SEDIMENT REMEDIAL ALTERNATIVE EVALUATION CRITERIA

Requireménts of Comprehensive Environmental Response Compensation and
Liability Act (CERCLA), the National Contingency Plan (NCP), and Superfund
Amendments and Reauthorization Act (SARA) were used as guidance for
development of evaluation criteria applicable to sediment remediation in
E1liott Bay. Final guidance has not been provided by U.S. EPA on the
procedures for evaluating remedial alternatives at Superfund sites under
SARA. However, the draft guidance document for conducting feasibility
studies in accordance with CERCLA/SARA has been incorporated into the
evaluation process for Commencement Bay (U.S. EPA 1987b). In addition,
categories of criteria specified in CERCLA guidance documents (e.g., U.S.
EPA 1985e) were modified on an interim basis by U.S. EPA (1986d) and Porter
(1987) to include new requirements under SARA [e.g., compliance with all
applicable or relevant and appropriate requirements (ARARs) and preference
for permanent solutions or treatments]. Although the process of sediment
remediation in Elliott Bay problem areas will not be conducted under CERCLA
regulations, the criteria for sediment remediation at the Commencement Bay
Nearshore/Tideflats Superfund site are used here for defining pertinent
regulations. Criteria applicable to Superfund remedial actions only are
also noted.

Effectiveness, implementability, and cost criteria are defined in
Sections 6.1, 6.2, and 6.3, respectively. Section 6.2 is substantially
longer than the other sections, primarily because the set of applicable or
relevant and appropriate requirements (ARARs) discussed under institutional
feasibility is large and complex. Section 6.4 presents the framework for
selecting the preferred sediment remedial alternative. By definition, this
alternative must effectively meet the objectives of the Elliott Bay sediment
remediation effort. The intent of recent guidance for CERCLA sites is to
provide permanent solutions that are consistent with ARARs. One of the

C-1
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objectives for sediment remedial alternatives in Elliott Bay is to provide
permanent solutions. Any remedial actions in Elliott Bay should also meet
the objective of compliance with ARARs. The selection process is complicated
by technical and institutional wuncertainties and by tradeoffs among
alternatives. The evaluations presented are based on the best available
information. = The relative significance of these uncertainties affects the
final standing of the various alternatives. The tradeoffs that emerge in
comparing the alternatives are also considered in the selection process.
The final selection and implementation of the preferred alternative for each
problem area may be modified to reflect availability of existing technology
(e.g., availability of specialized dredge equipment), and refinements to the
chemical database (e.g., core data for defining the depths of sediment
contamination).

EFFECTIVENESS CRITERIA

The purpose of this section is to identify and define four effectiveness
criteria: short-term protectiveness; timeliness; long-term protectiveness;
and reductions in contaminant toxicity, mobility, or volume.

Short-Term Protectiveness

Short-term protectiveness is the predicted ability of the candidate
sediment remedial alternative to minimize public health and environmental
risks caused by exposure to contaminants during the implementation phase.
The analysis identifies potential hazards associated with impiementation and
corresponding control measures. The evaluation of candidate sediment
remedial alternatives based on short-term protectiveness includes the
following considerations:

m Community protection during implementation - Potential public
health risks due to implementing the alternative, including
additional hazards due to the action itself. This evaluation
includes a general assessment of potential hazards to public
health associated with excavation, transfer/transport,
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treatment, and disposal of the contaminated sediment.
Potential routes of exposure and targets are also considered.

= Worker protection during implementation - Potential occupa-
tional hazards due to implementing the alternative, including
hazards associated with exposure of sediments during
excavation, transfer/transport, treatment, and disposal.
This evaluation includes both physical and chemical hazards
associated with each process option, the degree of specialized
safety training required for implementation, and an informal
assessment of the potential hazards posed by a major worker
exposure incident.

] Environmental protection during implementation - Nature and
magnitude of potential environmental impacts associated with
implementing the alternative. This evaluation includes
identification of the environment at risk and review of the
potential impacts associated with system failures during
implementation.

Timeliness

Timeliness refers to the estimated time required for the candidate
alternative to meet remedial objectives, that is, effect mitigation and
achieve results based on observed biological effects. This evaluation
includes an assessment of the time required for the following activities:

" Demonstration of feasibility of unproven technologies

s = Modification of existing technologies to site-specific
“conditions

" Development of treatment or disposal facilities not currently
in existence
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" Implementation of sediment remediation, including treatment
and disposal as necessary.

Implementation of effective source control is integral to the success of
sediment remediation. Source controls must be implemented prior to or in
conjunction with sediment remedial actions to assure maintenance of
environmentally acceptable conditions. A revised action plan that identifies
corrective actions for Elliott Bay problem areas is being developed (Tetra
Tech in preparation).

Long-Term Protectiveness

Long-term protectiveness is the predicted ability of the candidate
sediment remedial alternative to minimize potential hazards in both the
problem areas and the ultimate disposal sites after the objectives of the
alternative have been met. Effectiveness of the engineering and institu-
tional controls available to manage risk (U.S. EPA 1987b) are especially
important. This analysis includes an assessment of hazards associated with
disposal of untreated waste or residuals resulting from treatment options.
The analysis also assesses hazards due to potential failure of the technical
components of the alternative (e.g., containment structures, treatment
systems). The evaluation of candidate sediment remedial alternatives based
on evaluation of long-term protectiveness includes the following considera-
tions:

] Long-term reliability of containment facilities - Permanence
in remediating the observed adverse environmental effects and
in providing a final solution for the isolation, treatment,
and disposal of contaminated sediments. The analysis
estimates the magnitude and nature of the hazards due to

“potential failure of the protective components of the system,
identifies the components most susceptible to failure, and
assesses the engineering and institutional controls required
to ensure system reliability. Population and environment at
risk are identified.
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] Protection of public health - Long-term ability to reduce

public health hazards associated with the contaminated

sediments within the disposal sites or residual contamination

in problem areas. This evaluation includes an assessment of

how the subject alternative achieves protection over time,

how site hazards are permanently reduced, and how treatment

or disposal processes impact long-term health hazards. This

evaluation requires estimates of the feasibility of source
control,

] Protection of the environment - Potential long-term environ-
mental impacts associated with implementation, based on
system reliability and associated long-term hazards. This
evaluation includes identification of the environment and
media at risk and the potential sensitivity of the environment
to system failures (including failure to perform to prescribed
specifications). This evaluation also requires an assessment
of the effectiveness of system performance monitoring.

Reductions in Toxicity, Mobility., or Volume

This criterion addresses the statutory preference for using treatment
technologies to reduce the principal threats posed by contaminants in the
problem areas (U.S. EPA 1987b) as opposed to protection achieved through
prevention of exposure. This analysis requires that volume be addressed
separately from toxicity or mobility, because some of the treatment or
removal process options can increase volumes (e.g., solidification, hydraulic
dredging). For problem areas containing mixed wastes (e.g., organic and
inorganic contaminants), the portion of the waste subject to treatment must
be delineated. The reduction in the threat posed by the contaminants may be
achieved through destruction of toxic contaminants (e.g., incineration),
reduction of the total mass of toxic contaminants (e.g., chemical oxidation),
irreversible reduction in contaminant mobility (e.g., solidification), or
reduction of total volume of contaminants (e.g., solvent extraction). The
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degree to which treatment processes are irreversible, the type and quantity
of residuals remaining following treatment, and the methods for managing
residuals are considered.

The évaluation under this criterion focuses on the treatment processes
that are employed and the contaminants they have been developed to address.
The estimated efficiency of the treatment process is considered based on the
problem chemicals present. The percentage reduction in toxicity, mobility,
or volume can only be quantified following the completion of bench-scale
testing of problem sediments. Recent U.S. EPA guidance further suggests
that alternatives be developed that use permanent solutions and alternative
treatment technologies or resource recovery technologies to the maximum
extent practicable. Based on the nature and concentration of the contami-
nants in the sediments of the eleven problem areas, resource recovery is not
expected to be practical.

IMPLEMENTABILITY CRITERIA

The purpose of this section is to identify and define three general
implementability criteria: technical feasibility, institutional feasibility,
and availability.

Technical Feasibility

Technical feasibility is the ability of the candidate sediment remedial
alternative to be fully implemented based on site-specific chemical and
physical features as well as general construction and engineering con-
straints. The evaluation of technical feasibility focuses on implementation,
maintenance, and monitoring. The evaluation of candidate sediment remedial
alternatives based on technical feasibility includes the following consider-
ations:

n Feasibility and reliability of process options - Feasibility
of constructing the necessary components of the remedial
alternatives, and reliability of the corresponding process
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options. This evaluation includes a qualitative estimate of
hazards due to system failure at any point in the remediation
process, and may include an evaluation of the effectiveness
~of contingency plans. The ability of a technology to meet
specified process efficiencies or performance goals is also
considered.

u Implementation of monitoring programs - Ability to track
performance of the candidate alternative in meeting the
remedial objectives. This evaluation involves estimating
confidence in early detection of problems and identifying
potential exposures (public health and environment) caused by
inability to detect system failures. This evaluation also
requires a determination of whether migration pathways are
sufficiently well-defined to be adequately monitored.

n Implementation of 0&M - Feasibility and time required to
implement an O&M program to ensure the maximum reliability
and performance of the system.

Institutional Feasibility

Institutional feasibility is the ability of the candidate sediment
remedial alternative to meet the intent of all applicable criteria, regula-
tions, and permitting requirements. The evaluation of the candidate sediment
remedial alternatives based on institutional feasibility includes the
following considerations:

n Approval of relevant agencies - Feasibility of obtaining
necessary agency approvals, including time and activities
‘required.  Although CERCLA actions are exempt from permit
requirements under SARA, this evaluation addresses the need
for, and feasibility of, obtaining concurrence from appro-
priate agencies on whether the candidate alternative will
meet the substantive aspects of the permit requirements.
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The compliance of the subject alternative with advisories and
guidance for similar projects in similar environmental
settings is also considered.

. Compliance with ARARs - Compliance of the subject alternative
with the regulatory framework governing activities related to
the problem area-specific environmental setting, protection
of public health, and activities required to implement the
remedial action and associated process options. This
evaluation focuses on the approach to handling and treatment
of contaminated dredge material, including disposal, as
required by the alternative,

The following detailed discussion is provided to identify applicable or
relevant and appropriate requirements that must be considered in evaluating
the alternatives.

Compliance with ARARs--

The purpose of this section is to identify ARARs in terms of their
importance in assessing candidate alternatives. ARARs are critical in the
selection of appropriate remedies and will influence the implementation of
remedial alternatives in individual problem areas. Because several actions
such as dredging, dredge water management, and dredged material disposal are
common to more than one candidate alternative, the discussion is organized by
functional activity rather than remedial alternative, as follows:

n No action

m  Institutional controls

m Dredgiﬁg
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= Treatment of contaminated sediments

= Disposal of uncontaminated and contaminated sediments, capping
material, and treatment residues.

ARARs of federal and state government and Indian tribes must be
considered during remediation under CERCLA and SARA (40 CFR Part 300). These
ARARs are also pertinent to remedial activities which are not conducted
under CERCLA and SARA. Although local ordinances are not specified as
ARARs, they are considered in the selection of alternatives. Section 121
(J)(2)(A) of SARA incorporates the CERCLA Compliance Policy specifying that
remedial actions meet promulgated requirements, criteria, or limitations
that are potentially applicable or relevant and appropriate. The policy
further states that other standards, criteria, advisories, and guidance that
may be useful in developing remedies are to be considered. For a non
CERCLA/SARA action, federal, state, and local government and Indian tribe
regulations must also be considered.

For CERCLA sites, Porter (1987) differentiates between requirements
that are applicable, and requirements that are relevant and appropriate:

] Applicable requirements consist of substantive environmental
protection requirements (e.g., standards for cleanup or
control) promulgated under federal or state law that
specifically address a hazardous substance, pollutant,
contaminant, remedial action, location, or other circumstance
at a CERCLA site (e.g., water quality criteria, air emissions
criteria, state hazardous waste regulations)

m  Relevant and appropriate requirements consist of substantive
‘requirements promulgated under federal or state law that,
while not applicable, are sufficiently similar to applicable
requirements that their use is well suited to a particular
site (e.g., PSDDA guidance).
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If components of a candidate remedial alternative fall under the
Jurisdiction of a given ARAR, that ARAR is deemed applicable. Jurisdictional
requirements include the following:

(] .Substances covered

. Time period covered

n Types of facilities covered

. Persons covered

] Actions covered

" Areas covered.

A requirement may be relevant and appropriate even if it is not
applicable. In general, a requirement can be considered relevant and
appropriate if the situation at the site is sufficiently similar to a
problem that the requirement is designed to address. This determination
relies heavily on professional judgment, using the following factors to

compare the site conditions to the requirement in question:

" Similarity of goals and objectives of the requirement and the
remedial alternative

n Environmental media and substances regulated and targeted for
remediation

n Action or activity regulated and considered for remediation

u Type of physical location, structure, and facility regulated
and considered for remediation

n Resource use or potential use.
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Federal, state, and local permits will be required for removal or
remedial actions. Substantive (but not procedural or administrative)
requirements of permit applications are relevant and appropriate for removal
and remedial actions. The transfer of hazardous or contaminated material is
allowed only if there is a facility operating in compliance with RCRA, TSCA,
or other federal laws, and all applicable state and local requirements.

ARARs can be classified as chemical-specific, location-specific, or
action-specific.  Chemical-specific ARARs are health-based or risk-based
concentrations or ranges of concentrations in environmental media for
specific chemicals. Examples of chemical-specific ARARs are federal water
quality criteria (WQC), air quality standards (federal, state, and local),
and maximum contaminant levels [MCL, or MCL goals (MCLG)] set by the Safe
Drinking Water Act (SDWA). If a chemical has more than one ARAR, the most
stringent value should be used.

Location-specific ARARs may set restrictions on remedial activities
based on the characteristics of the environment in the vicinity of the site.
Examples of location-specific ARARs include the Coastal Zone Management Act
(CZMA), Executive Orders for floodplain and wetland protection, and regula-
tions to protect sites of archaeological and historical value.

Action-specific ARARs may set restrictions based directly on the nature
of a remedial alternative. Examples of action-specific ARARs are RCRA
design and monitoring requirements for closure and post-closure of disposal
sites, and Clean Water Act requirements for dredging and dredged material
disposal.

Other standards, criteria, advisories, and guidance that may be useful
in developing remedial action alternatives include: local ordinances,
guidelines, and advisories such as City of Seattle shoreline and Tand use
plans; PSDDA guidelines for the handling and disposal of dredged material;
and carcinogenic potency factors and reference doses established by U.S. EPA
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for use in developing criteria such as MCLs. These factors can also be
classified as chemical-specific, action-specific, or location-specific.

The remainder of this section is organized by type of ARAR (i.e.,
chemical-, location-, or action-specific). For each ARAR type, a selected
Tist of potenfia] ARARs is developed; and for each ARAR, a determination is
made about whether it is applicable, or relevant and appropriate.

Identification of Potential Chemical-Specific ARARs--For dredging and
dredged material disposal, chemical-specific ARARs issued at the federal
level that are potentially applicable include MCLs and MCLGs under RCRA and
SDWA, and ambient water quality criteria. RCRA incinerator regulations
include a process for establishing chemical-specific emission limitations

for principal organic hazardous constituents (POHCs). In addition, U.S. EPA
has proposed regulations to limit emissions from boilers utilizing contami-
nated materials as feedstock. MCLs are enforceable drinking water standards
developed for public drinking water supplies. MCLs are based primarily on
health considerations, with some allowance for cost and feasibility. MCLGs
are developed under SDWA as chemical-specific health goals and are used to
set MCLs. MCLGs are set at levels where there are no known or anticipated
health effects, and include a safety margin. Federal ambient water quality
criteria are based on laboratory bioassays and are designed for the
protection of aquatic life. Under Section 121 of SARA, remedial actions
require a level or standard of control which at least attains'MCLGs or water
quality criteria where such goals are deemed to be relevant and appropriate.
For remedial actions in Elliott Bay, a level or standard of control which
attains MCLGs or water quality criteria will also be relevant and appro-
priate.

Other potential federal ARARs include ambient air quality standards
specified by the Clean Air Act and standards specified by the federal Occupa-
tional Safety and Health Act (OSHA). The Food and Drug Administration (FDA)
has developed limited criteria for maximum levels of hazardous compounds in
fish tissue. These criteria exist for PCBs (2.0 mg/kg) and mercury
(1.0 mg/kg). The federal Clean Air Act specifies standards for suspended
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particulates and a limited number of chemicals. Under OSHA, the National
Institute for Occupational Safety and Health (NIOSH) develops permissible
exposure limits (PELs) and other enforceable exposure guidelines for
selected hazardous chemicals.

At the state level, potential chemical-specific ARARs include air
emission standards and requirements for new sources including Ecology’s
Toxic Air Guidelines. Requirements have also been promulgated by the
Washington Industrial Safety and Health Act (WISHA) for workers exposed to
hazardous chemicals.

At the regional level, potential chemical-specific ARARs include permit
requirements and emissions standards of the PSAPCA and interim criteria for
the disposal of dredged material in Puget Sound established by the PSDDA.
PSAPCA has generally adopted and enforces federal clean air standards
(although in some cases, regional standards are more restrictive). However,
PSAPCA can, and has, developed chemical-specific standards on a case-by-case
basis.

Other chemical specific information which is issued at the federal
lTevel includes carcinogenic potency factors (for carcinogens) and reference
doses (for non-carcinogens). Carcinogenic potency factors and reference
doses relate to sediment remedial activities through the development of
human health risks based on various exposure pathways (e.g., consumption of
seafood or ingestion of groundwater). Chemical-specific limits derived from
exposure estimates may be considered. At the regional level, PSDDA interim
guidelines for the disposal of dredged material in Puget Sound are also
based on defining potential problem sediments as determined by biological
effects associated with observed chemical contamination. PSDDA interim
disposal guidelines are not codified but have been applied and are presently
being considered for adoption for standard use by regulatory agencies in
Puget Sound.

Determination of Applicability or_ Relevance and Appropriateness--

Federal ambient water quality criteria are directly applicable to alterna-
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tives involving dredging or the placement of dredged material or other
material in marine waters. Federal water quality criteria and PSDDA
criteria apply to the substances in question (dredged material), persons
covered (any person), and actions covered (dredging). PSDDA criteria and
procedureé have not been codified but they satisfy the definition of ARARs
because they have been generally accepted and will be uniformly applied by
federal and state regulatory agencies. Applicability of these ARARs does
not depend on the time period covered or the types of facilities involved.
Federal water quality criteria and PSDDA criteria are also applicable to
confinement alternatives because this alternative involves the disposal of
uncontaminated material. Federal water quality criteria are applicable to
nearshore disposal alternatives insofar as there is a potential for
contaminants from the dredged material to reach the adjacent water (e.g.,
water quality criteria are appropriate for use during a post-remediation
monitoring plan).

OSHA and WISHA requirements are applicable insofar as workers may be
exposed to hazardous substances during the course of remediation. Federal
clean air standards and PSAPCA standards are applicable to the extent that
materials may be released to the atmosphere during remediation (e.g.,
volatilization of contaminants during nearshore and upland placement, or
release of contaminants during incineration). RCRA and SDWA MCL and MCLGs
are applicable to the alternatives involving disposal at either upland or
nearshore if there is an aquifer for public drinking water sources that may
be affected. These ARARs are relevant and appropriate primarily because
they regulate groundwater concentrations of contaminants - a factor that
will have to be considered (e.g., via post-remediation monitoring) at upland
and nearshore dredged material disposal sites. MCL, MCLGs, and water
quality criteria for drinking water are relevant and appropriate for
situations where groundwater is or may be used for drinking water. Where a
groundwater aquifer is not used as a drinking water supply, but is dis-
charging to Elliott Bay, acute and chronic marine water quality criteria are
relevant and appropriate.
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Major chemical-specific ARARs for contaminated sediment remedial
alternatives are listed in Table 8. Chemicals listed in Table 8 are among
chemicals found in one or more problem areas.

Identification of Potential Location-Specific ARARs--lLocation-specific
ARARs issued at the federal level that are potentially applicable include
the Coastal Zone Management Act (CZMA); Clean Water Act; Marine Protection,
Research, and Sanctuaries Act (MPRSA); and the Rivers and Harbors Appro-
priations Act. The CZMA established a program whereby coastal states can
receive assistance in developing their own coastal zone management program.
The State of Washington developed such a program under the CZMA, with the
Shoreline Management Act (described below) effectively superceding the CZMA.
The most important components of the Clean Water Act are Section 401 (state

water quality certification for federally permitted activities), Section 402
(establishes the NPDES program), and Section 404 (establishes a permitting
and permit review process for dredging and dredged material disposal). The
most important component of the MPRSA is its provisions, requirements, and
guidelines for ocean disposal. The Rivers and Harbors Appropriation Act in
essence gives the U.S. Army Corps of Engineers authority to requlate any
activities that may interfere with navigation (e.g., dredging and dredged
material disposal).

At the state level, potential location-specific ARARs are the Shoreline
Management Act, Washington Department of Natural Resources (DNR) guidelines
and procedures for leasing submerged lands, the Toxics Control Act, and the
Department of Fisheries hydraulics permit requirements, and Department of
Game hydraulics permit requirements. Under the state Shoreline Management
Act, the City of Seattle has prepared a Shoreline Master Program to regulate
land use and construction within the coastal zone. As trustee over the
submerged lands of the state, DNR manages all dredged material disposal
sites via a submerged lands leasing program.

At the regional and local levels, potential location-specific criteria
are limited to 1) the requirements, procedures and guidelines for open-water
disposal specified by PSDDA and 2) land use requirements specified by the
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City of Seattle in its shoreline plan and land use plan (for areas outside
the coastal zone). PSDDA has developed procedures for evaluating the
suitability of dredged material for open-water unconfined disposal, and
procedures, guidelines, and criteria for establishing open-water sites for
the unconfined disposal of dredged material. PSDDA and PSWQA are in the
process of developing similar guidance for other disposal options, including
conventional land and nearshore disposal and confined disposal.

Under the Shoreline Management Act, the City of Seattle issues (or
denies) a shoreline substantial development permit for any project within
200 ft of ordinary high water, including designation of a dredged material
disposal site. Application of Seattle land use regulations will vary
depending on specific land use designations in problem areas. The offshore,
nearshore, and upland (within 200 ft of ordinary high water) disposal of
dredged material, and any other remedial alternative involving shoreline
development (e.g., construction of dredged material treatment facilities) is
subject to the specifications and gquidelines set forth in the Seattle
shoreline and land use plans.

Determination of Applicability or Relevance and Appropriateness--Based
on the determining factors listed above, Sections 404 and 401 of the Clean

Water Act and Section 10 of the Rivers and Harbors Appropriations Act
(guidance provided in 40 CFR Part 230.10 and 33 CFR Parts 320-330) are
applicable to all remedial alternatives involving dredging and disposal of
dredged material in navigable waters. The CZIMA is applicable to alternatives
involving the disposal of material or construction of treatment facilities
in the coastal zone.

MPRSA requirements for ocean disposal are relevant and appropriate to
remedial alternatives involving the open-water disposal of dredged or
capping material. The MPRSA establishes guidelines and requirements for
siting ocean dispbsa] sites and monitoring dumping activities therein.
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Major Tlocation-specific ARARs for contaminated sediment remedial
alternatives are listed in Table 9. Status as applicable or relevant and
appropriate is also shown for the ARARs.

Ideﬁtification of Potential Action-Specific ARARs--This section is

organized according to the following categories of actions involving
contaminated sediments: no action; institutional controls; dredging;
treatment of dredged material; and placement, disposal, or discharge of
treated dredged material and water (e.g., from dewatering, settling, and
treatment), untreated dredged material, capping material, and treatment
residues (e.g., filter cakes from water treatment operations).

No Action--The "implementation" of this alternative would result in the
nonattainment of many ARARs, including the intent of the National Contingency
Plan. For example, the NCP requires that selected remedies cost-effectively
mitigate and minimize threats to and provide adequate protection of public
health and welfare and the environment [40 CFR Part 300.68(i)]. Based on
the analysis of toxic contamination in E1liott Bay (PTI and Tetra Tech 1988),
this goal would not be accomplished.

Institutional Controls--Institutional controls minimize human health
risks from hazardous substances primarily via mechanisms that prevent
exposure to the substances. There are many types of possible institutional
controls, including site fencing, posting of health advisories, and bans for
the consumption of contaminated biota or groundwater. Site fencing may
require boundary survey work and consideration of Seattle land use and
permitting requirements. Posting of health advisories may require close
coordination with the King County Health Department and consideration of
their regulations and guidelines. Because of the limited effectiveness of
institutional controls alone, this alternative will fail to satisfy the
goals set forth by PSWQA to clean up Puget Sound. However, it is feasible
and advisable to use some selected institutional controls in conjunction
with other remedial alternatives.
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Dredging Activities--Dredging technologies under consideration include
hydraulic cutterhead, specialized hydraulic dredge, watertight bucket
clamshell, and mud cat. Federal action-specific ARARs relating to dredging
include the Clean Water Act (Sections 404 and 401), Rivers and Harbors
Appropriations Act (Section 10), and MPRSA. There are no state ARARs that
specifically fegu]ate dredging. However, state water quality requirements
(under Section 401 of the Clean Water Act) may be considered during dredging
activity and may be considered an action-specific ARAR as well as a location-
specific ARAR. The water quality considerations may involve the state
Departments of Ecology, Natural Resources, Fisheries, and Game. The
Departments of Fisheries and Game are involved by virtue of their mandate to
consider the substantive aspects of requirements for a hydraulics permit for
any project that may interfere with the natural flow of surface water.
ARARs that specifically regulate dredging in the Elliott Bay area are
addressed in the City of Seattle shoreline management plan.

The substantive aspects of requirements established by the Clean Water
Act (including state water quality certification), and the Rivers and
Harbors Appropriations Act are applicable to dredging actions on an action-
specific basis because remedial dredging satisfies their jurisdictional
requirements. Limitations on times of the year when dredging may occur are
mandated by the Muckleshoot Indian Tribe and the Department of Fisheries. In
general, dredging is not allowed between mid-March and June, or during the
fall.

It is possible that the applicability, or relevance and appropriateness
of specific requirements of dredging ARARs may vary by problem area and by
dredging technology. For examplie, compliance with substantive aspects of
Sections 404 and 401 of the Clean Water Act and state water quality
requirements will be necessary for all dredging activities. However,
specific restrictions may be imposed by some agencies under certain
conditions (e.g., required use of a silt curtain by the Department of
Fisheries or Game to avoid impacts to migrating anadromous fish).
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The MPRSA does not provide requirements or guidelines for the testing of
dredged material per se and is thus not an applicable ARAR. However, general
guidelines for the testing of material for ocean disposal may be relevant and
appropriate for remedial alternatives involving dredging.

Treatment Activities--Categories of treatment ' technologies under
consideration include solidification/stabilization, chemical treatment,
incineration, physical treatment, and land treatment. There are a variety
of alternative treatment methods within each of these categories. The
discussion of ARARs in this section focuses only on the above four cate-
gories.

Most ARARs for contaminated sediment treatment relate to the release or
disposal of materials resulting from the treatment process. In addition,
there may be releases to the atmosphere (e.g., from incineration), ground-
water (e.g., from infiltration of effluent or leachate), and surface water
(discharge of effiuent). There may also be the need to dispose of materials
such as filters contaminated during the treatment process (see next section
entitled Availability).

Potential federal ARARs for waste treatment are currently Timited to
onsite incineration and land treatment. There are proposed standards for
thermal treatment other than incinerators; for chemical, physical, and
biological treatment other than tanks, surface impoundments, or 1land
treatment units; and for the control of volatile organic emissions from air
stripping operations. There are no potential state ARARs for specific
candidate treatment technologies.

Dredge, Treatment, and Capping Material Disposal--Action-specific ARARs
that pertain to the disposal of materials overlap somewhat with chemical-
specific and location-specific ARARs. ARARs for the open-water or nearshore
disposal of dredged material (treated or untreated) or capping material are
analogous to location-specific (and to some extent, chemical-specific) ARARs
discussed above. ARARs for the disposal of treated and untreated dredged
material and capping material depend to a significant degree on contaminant
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concentrations. For example, some materials may not meet the PSDDA chemical-
specific gquidelines for open-water treatment, requiring either confined
nearshore or upland disposal.

Current state and U.S. EPA policy requires that any untreated,
contaminated dredge sediments be disposed of at a facility that is in
compliance with state requirements, RCRA or Toxic Substance Control Act
[TSCA (for PCB disposal)]. The requirements for handling and disposal of
treated dredge material will depend on chemical analyses conducted following
remediation.

Action-specific ARARs may also be invoked for the disposal of effluent
from treatment processes. It is very unlikely that an effluent will be
classified as a RCRA hazardous waste or a state Dangerous or Extremely
Hazardous Waste. However in such a case, the potential ARARs discussed above
would have to be evaluated. Depending on the results of bench-scale
treatability studies, treatment wastewater may be discharged to surface
water or a publicly owned treatment works (POTW) if applicable effluent
guidelines can be achieved. Potential federal ARARs for such actions
include requirements for testing and monitoring of Section 402 of the Clean
Water Act and requirements for the discharge of effluent to a POTW.
Potential state ARARs for the discharge of treatment wastewater include the
following:

" Water pollution control and discharge standards that require
treatment with known, available, and reasonable methods

n Regulations for the protection of upper aquifer zones that
require protection of water quality to the extent practical

s The state waste discharge program for discharges of wastewater
to groundwater

] Water pollution control regulations that provide for the use
of water quality regulations at hazardous waste sites.
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The ARARs discussed above are all applicable because their jurisdictional
requirements are met by the candidate remedial alternatives.

Addifiona] considerations relating to Elliott Bay remedial actions would
include current PSDDA guidelines for the testing of dredged material prior
to disposal. Disposal options for treated and untreated dredged material
and capping material depend to a significant degree on contaminant concen-
trations. In addition, construction of treatment facilities may require
consideration of the City of Seattle’s land use plan, building codes, and
grading and drainage ordinances. It is unlikely that disposal of untreated
sediment will be allowed at a local municipal solid waste landfill or PSDDA
open-water unconfined site due to liability issues associated with hazardous
and dangerous wastes.

Major action-specific ARARs for contaminated sediment remedial
alternatives are listed in Table 10. Status as applicable, or relevant and
appropriate is also shown.

Availability

This evaluation criterion refers to the availability of the equipment
and specialized expertise required to perform the candidate alternative as
well as the availability of the necessary treatment, storage, or disposal
capacity. Current stage of development (i.e., of the various technologies)
and potential vs. current availability are also considered.

At present, the availability of upland disposal facilities within the
vicinity of Elliott Bay and King County is uncertain. As discussed in the
preliminary screening of alternatives (Section 4.0), several potential
disposal sites within the area have been reviewed. However, no upland
disposal sites have been established and approved for disposal of contami-
nated dredge material. It was assumed for the evaluation, however, that an
upland disposal facility could be made available within the project area.
It was assumed that agency approval, tribal acceptance, and public acceptance
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would be feasible. These assumptions are based on the need for some kind of
disposal facility based in the project area, to provide reasonable transpor-
tation costs.

The availability of nearshore disposal facilities within the E1liott Bay
area is virtually zero. Port of Seattle sites may be available for dredging
projects initiated by the Port. However, planning and design of a nearshore
facility for designation as a multi-user site is not anticipated.

The potential for offsite disposal of untreated contaminated dredge
material has largely been dismissed because of inherent difficulties
associated with dewatering and transport of marine sediment, and the asso-
ciated costs of both transport and disposal. However, if treated sediment
is determined to meet local, state, and federal criteria for designation as
nonhazardous waste, the material could feasibly be placed in a sanitary
landfill or used as an inert fill material. Concentrated residues that may
be generated by implementation of one or more treatment alternatives will be
dealt with in strict accordance with state and federal regulations, including
disposal at a RCRA-approved treatment, storage, or disposal facility, as
appropriate. The factors which must be considered for disposal in a
sanitary landfill (i.e., increased traffic, moisture content), and the
recent regional problems with designation of Tlandfill sites would make
disposal in a sanitary landfill difficuit. The use of limited landfill
capacity for the disposal of sediment, especially with solid waste disposal
rates on the rise, would probably raise considerable public controversy.

COST CRITERIA
Order-of-magnitude costs were estimated for each combination of

remedial alternative and problem area. Costs were grouped into the following
categories:
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. Construction and implementation - Costs for engineering
design, development of specifications, dredging, transporta-
tion, treatment, intertidal habitat replacement, and disposal.

n Operation and maintenance - 0&M costs associated with all
post-disposal onsite activities, including monitoring.
Engineering site inspections of containment structures,
erosion control, dra{nage, repairs, and landscape upkeep are
all aspects of 0&M. The latter category includes refertili-
zation, mowing, and general maintenance of site vegetation.

Monitoring activities are designed for both short- and Tlong-term
surveillance of containment structure or cap performance. In practice,
activities should begin just prior to the disposal operation and remain
intense for the first year, tapering off over the course of an assumed 30-yr
program. In this manner, failure to initially contain sediment contaminants
can be detected immediately. In addition, frequent monitoring after
completion of the remedial action allows an assessment of the rate and
extent of contaminant migration that can be expected to occur over the long
term. Assuming that initial monitoring efforts confirm predicted rates of
contaminant migration based on preimplementation bench-scale tests and
modeling studies, it is reasonable to assume that the sampling frequency can
be reduced over time. The lack of contaminant releases within approximately
1 yr of sediment disposal indicates that the level of monitoring can be
reduced.

Cost estimates for specific items within each category were normalized
to 1988, using an annual inflation rate of 6 percent. For yearly costs
associated with monitoring, operation, and maintenance, the present worth
was calculated using a 10 percent interest rate. A discussion of the
estimation method, assumptions, and information sources used is presented in
Appendix D of Tetra Tech (1988).
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SELECTION OF PREFERRED ALTERNATIVES

The definition and selection of a preferred remedial alternative for
the two high priority problem areas in the Elliott Bay study area is
provided in Section 7.0. The selection of a preferred remedial alternative
is based on the following characteristics:

= Protection of human health and the environment

] Attainment of federal and state public health and environment
requirements

= Cost-effectiveness

n Use of permanent solutions and alternative treatment or
recovery technologies to the maximum extent practicable.

Treatment is defined as those activities that permanently and significantly
reduce the toxicity, mobility, or volume of the hazardous substances.
Selection of permanent remedies that have not yet been implemented under
similar circumstances are authorized under the law. It is further stated in
SARA that remedies requiring offsite transport of untreated contaminant
materials should be the least favored action where practicable treatment
technologies are available.

The following process was used to identify the preferred alternative in
each problem area. First effectiveness and implementability of candidate
alternatives were summarized. Results are shown in Section 6.0 as oversized
narrative tables. Next, the candidate alternatives were compared with one
another. Results are shown as "evaluation summary" tables, with ratings of
high, moderate or low in the eight major evaluation criteria. The rationale
and method followed when assigning ratings are described below. The
preferred alternatives were identified from these summary tables. This
approach was developed to select one preferred remedial alternative with the
broadest applicability for each of the Elliott Bay problem areas selected
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for assessment, but the process is complicated by the variable nature of
both the contaminants and the environmental and operational features within
the problem areas. For this reason a brief review and sensitivity analysis
was conducted to identify other alternatives that may be suitable for
sediments contaminated by a particular class of compounds (e.g., inorganic
contaminants) or Tlocated within a specific environmental setting (e.g.,
intertidal areas). A discussion of this analysis is presented for each
problem area, following description of the preferred alternative.

Short-Term Protectiveness

Community, worker, and environmental protection during implementation
of the candidate alternative are evaluated under the short-term protective-

ness criterion.

A candidate alternative rates high for short-term protectiveness if
minimal risks to workers and the community during implementation are
expected. Community exposure risks are expected to be low, as site controls
can be readily implemented for all alternatives to minimize potential
contact with contaminated dredge material. Worker exposure potential is
lowest for alternatives in which contaminated sediments are left in place.
Alternatives involving dredging increase worker exposure risks, but process
controls, available personal protective equipment, and the relatively low
level of hazard associated with CDM contact preserves a high rating for this
aspect of an alternative. Environmental protection during implementation is
highest when sensitive resource areas are not damaged or destroyed by the
alternative. Environmental controls exist for most alternatives (e.g., silt
curtains for dredging, emissions controls for incineration). However,
short-term impacts are expected for loss of habitat due to dredging,
capping, or disposal operations.

Moderate ratings were assigned to candidate alternatives involving
effective remediation technologies with an increased potential for some
adverse impacts, but where engineering and safety controls are feasible. In
this case, a moderate to high risk of exposure to workers may be anticipated,
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but safety controls are adequate to significantly reduce the exposure
potential. Process-related risks associated with treatment alternatives
prolong exposure potential, and therefore generally reduce the short-term
protectiveness rating. A moderate rating was also given to an effective
technology that poses moderate risk to a low sensitivity environment and
that involves risk control methods which are difficult or costly to
implement.

Candidate sediment remedial alternatives received low ratings if they
offer only minor overall benefits, with high probability of producing, or
allowing significant environmental impacts, and where engineering and safety
controls are not feasible. This rating was also assigned to candidate
alternatives that pose a high risk to sensitive environments or populations,
with inadequate mitigative controls or monitoring capabilities.

Timeliness

The comparison of the candidate alternatives for timeliness is based on
their ability to mitigate observed biological impacts rapidly without
compromising the integrity of the various process options. The time
required to consider agency comments on all components of the remediation
system, including treatment, storage, and disposal facilities was considered.
In all cases, source control measures were assumed to be implemented rapidly
and effectively to facilitate subsequent implementation of sediment
remediation.

A high rating was assigned to alternatives that can be completed within
1-2 yr of implementation of adequate source controls. These alternatives
would have to rely on currently available equipment and facilities, with
minimal bench-scale or pilot testing required. Alternatives that produce
immediate environmental benefits were also rated high.

Moderate ratings were assigned to candidate alternatives that can be
implemented within 2-5 yr following implementation of adequate source
control. These alternatives would generally require some testing and
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development of technologies because there has been little or no field
application to date. Alternatives that must be modified because the
sediments are of marine origin or that require lengthy review times for any
aspect of the technology were also rated moderate.

Low ratings for timeliness were assigned to candidate alternatives
that require greater than 5 yr to implement and complete. Included in this
category are alternatives that require substantial treatability testing or
where significant delays in development may be expected (e.g., determination
of treatment feasibility, siting of a land treatment facility).

Long-Term Protectiveness

The comparison of candidate alternatives in terms of long-term protec-
tiveness is based on their effectiveness in permanently mitigating the
observed adverse biological impacts the sediment contaminants in Elliott
Bay. Reliability, long-term risks and benefits, uncertainties remaining
after implementation of the alternative environments or populations at risk,
and the effectiveness of monitoring following remediation were all con-
sidered. Included in the comparison of long-term protectiveness are the
criteria for reviewing future exposure potentials, reliability, and public
health and environmental protection.

The candidate alternatives that rate high afford a high degree of post-
remediation reliability and security and allow monitoring to be readily
implemented. System failures will be detectable long before public health
or environmental impacts occur. High ratings were also assigned to
facilities that would cause minimal adverse impacts if any critical component
failed, and to alternatives that permanently reduce public health and
environmental risks.

Moderate ratings were given to alternatives that present a higher
potential for future exposure, yet are readily monitored or amenable to
engineering controls. This rating also applies to alternatives that are
less reliable, yet present minimal risk of adverse impacts from system
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failures. Moderate ratings were assigned to alternatives that remove or
isolate contaminants with minimal on- or offsite risks.

Low ratings for long-term protectiveness were assigned to alternatives
involving significant risks after remediation. For alternatives with a high
degree of uncertainty and where significant adverse public health or
environmental impacts would be expected from system failures, low ratings
were applied. Alternatives involving a high potential for future exposure,
or a great uncertainty concerning monitoring, or contaminant fate and
transport also received a low rating.

Reductions in Contaminant Toxicity, Mobility, or Volume

The comparison of candidate sediment remedial alternatives in terms of
reductions in toxicity, mobility, or volume focuses on the extent to which
an alternative results in the permanent destruction or detoxification of
sediment contaminants. The permanent treatment of waste contaminants
affords a higher level of overall effectiveness than does isolation (Porter
1987).

High ratings for reductions in contaminant toxicity, mobility, or
volume were assigned to alternatives that result in significant and irrever-
sible reductions with minimal residual material. High ratings were also
assigned to alternatives that may be less effective in reducing overall
residual mass yet generate residual materials that can be classified as
nonhazardous waste.

Moderate ratings are applicable to alternatives that provide some
degree of reduction in toxicity, mobility, or volume. This rating was
applied to alternatives incorporating treatment technologies that generate

significant quantities of less hazardous waste.

Low ratings apply to alternatives that lack a treatment element. All
capping and dredge/disposal alternatives rank low because they isolate
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contaminated sediments without substantially affecting the contaminants
themselves, although mobility is physically Timited. ’

Technical Feasibility

Technicai feasibility is based on implementability and the reliability
of the process options that make up each alternative, as judged by past
performance in similar applications, the importance of long-term 0&M to
success of the system, and the effectiveness of monitoring systems in
tracking performance.

High ratings for technical feasibility were applied to alternatives that
can be implemented with 1little bench- or pilot-scale testing and that
incorporate highly reliable, proven procedures. High ratings are also
applicable to alternatives that require minimal 0&M or where 0&M procedures
are well established, effective, and not absolutely essential to the ongding
performance of the treatment or isolation process. For those alternatives
where performance monitoring is focused and allows early detection of system
failures, high ratings were also given.

Moderate ratings for technical feasibility are applicable to alterna-
tives that appear to be technically feasible, yet require extensive testing
or development prior to implementation. Moderate ratings were also applied
to alternatives that require more extensive, routine maintenance using
proven procedures. Where monitoring requirements are more extensive but the
systems are estimated to be effective in detecting performance problems,
moderate ratings are also appropriate.

Low ratings for technical feasibility apply to alternatives that
involve highly uncertain implementability or technologies that are signifi-
cantly constrained by site conditions. Low ratings were given to alterna-
tives that require extensive 0&M following remediation, and where intensive
0&M is critical to system success. Where monitoring needs are extensive but
not necessarily effective in detecting failures prior to the onset of public
health or environmental impacts, low ratings were also assigned.
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Institutional Feasibility

Institutional feasibility is based on the ability of alternatives to
adequately address all applicable or relevant and appropriate regulations
and other noh-promu]gated agency guidelines, advisories, and policy that
require consideration. The comparison of alternatives includes an assessment
of the 1likelihood that ARARs can be met and that other guidelines and
criteria can be favorably addressed.

High ratings for institutional feasibility were applied to alternatives
that comply with all ARARs as well as all relevant guidance and policy.
Alternatives that are flexible in terms of timing and that incorporate
components likely to be approved by the regulatory agencies were also rated
high.

Moderate ratings apply to alternatives that meet ARARs and meet the
intent of most relevant guidance. Moderate ratings also apply to alterna-
tives likely to receive agency acceptance, albeit through negotiations.

Low ratings apply to alternatives that do not comply with ARARs and
present problems with respect to agency policy and guidance that is probably
non resolvable.

Availability

Availability is based on the accessibility of necessary equipment,
specialized expertise, and disposal facilities. The highest ratings for
availability were assigned to alternatives that use existing and readily
accessible materials, facilities, and personnel. A high rating was also
applied to alternatives that can use existing facilities to accommodate
treated or altered contaminated sediments.

Moderate ratings were applied to alternatives involving technologies
that are regarded as feasible but require adaptation to the site-specific
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conditions. This rating applies to alternatives incorporating technologies
that require bench-scale or treatability testing to define design parameters.

Low ratings were applied to alternatives that rely totally on unproven
technologies; on technologies that require personnel and equipment not
currently available in the project area; or on the use of disposal or
treatment facilities not currently available or planned, or that appear to
entail a high degree of uncertainty in their development.

Cost

The comparative evaluation of cost-effectiveness among alternatives can
only be conducted following the evaluation of the effectiveness and
implementability factors. This process allows the overall effectiveness of
each alternative to be assessed, based on the objectives for the Elliott Bay
action program. These objectives include mitigation of observed biological
impacts and long term protection of the environment and the public health.
Evaluation of cost-effectiveness can then be made after a final alternative
candidate (or candidates) has been selected which offers the best balance of
predicted results. In conducting a cost comparison of final candidates,
consideration must be given to the statutory goal of permanently and
significantly reducing contaminant toxicity, mobility, or volume, because
alternatives which involve feasible permanent solutions generally require
additional capital funds for implementation.
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METHOD FOR ESTIMATING COSTS
_ELLIOTT BAY EVALUATION OF SEDIMENT REMEDIAL ALTERNATIVES

Detailed cost estimates were prepared for each of the alternatives
developed for remediation of Elliott Bay problem areas. These costs were
adapted from the Commencement Bay Feasibility Study Draft Report (Tetra
Tech 1988a). Materials and construction costs from historic sources were
adjusted to 1988 values using a 4 percent inflationary factor. The following
discussion concerns development of unit costs used in estimating overall
project costs. The discussion is organized chronologically from initiation
of the sediment refinement sampling program, dredging operations, treatment
(where appropriate), intertidal mitigation, to disposal and subsequent
monitoring. Table D-14 itemizes the unit costs for remedial technologies.
A1l unit costs have been translated into do]]ar/yd3 of sediment treated or
disposed, except for the in situ capping alternative, which is estimated at
doHar/yd2 of contaminated sediment.

Sampling programs required to refine sediment volumes prior to
remediation comply with the sampling requirements for dredged material
disposal assessments recommended by U.S. Army Corps of Engineers (1988).
Assuming that all sediments rank high in chemical concentrations, the core
sample and frequency of chemical analyses recommended was one for every
4,000 yd3 for sediments above 4-ft depth. Sediment core costs, including
boat and crew time, are approximately $1,500 per core for 10-50 cores in a
sampling event. Chemical analysis costs will vary with each problem area.
However, a cost of $1,200 per sample for chemical analysis was estimated.

For dredging operations, hydraulic dredges with the cutterhead option
and mechanical dredges with clamshell bucket were selected. Operating costs
for the 500 yd3/h cutterhead, including the hydraulic transport of dredge
slurry for 2 mi by pipeline, was estimated to be Sl.50/yd3. Costs for using
an additional pipeline booster to transfer sediments to an upland disposal
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site were approximately $0.50/yd3. The 200 yd3/h clamshell dredge operating
costs were estimated to be $1.25/yd3, which does not include transporting the
dredge spoils to the disposal site. Barge transport costs for hauling
sediment were estimated at $0.50/yd3 for up to 5 mi transport (Morris, J.,
18 November 1987, personal communication). Truck transport costs for 2 mi
round trip at 2 loads/h were estimated at $2.01/yd3 (Means 1988).

The treatment options specifically considered for sediment remedial
alternatives were incineration, solvent extraction, biological 1land
treatment, solidification, and chemical clarification of dredge water at
nearshore and upland disposal sites. The low heating value of sediments
translates into high thermal treatment costs. Thermal treatment costs for
contaminated soils range from $150 to $500 per ton depending on the types of
contaminants and heating value of the contaminated material. The cost
includes site preparation, Tlabor, equipment, utilities, mobilization,
decontamination and demobilization. Assuming the operating cost of
approximately $220/ton for a mobile rotary kiln incineration unit (U.S. EPA
1986), exclusive of mobilization and demobilization costs, and a sediment
density of 1.35 ton/yd3, the unit incineration costs were estimated to be
$300/yd3. A 10 percent mark up cost was applied for mobilization and
demobilization for all remedial activities.

The unit cost for solvent extraction is estimated to be $120/yd3
(Austin, D., 22 January 1988, personal communication). For the land
treatment option, a $100,000 treatability study was assumed. It was also
assumed that a single 1 ft thick application of dredged sediment would be
made. Costs for solidification were estimated to be $25/yd3 of dredged
sediment, assuming the solidification agent would be a cement/pozzolanic
material (Conner, J., 18 November 1987, personal communication). Chemical
clarification of hydraulically dredged sediment because of the low solids
content was assumed. Chemical clarification operating costs were estimated
at 50.35/yd3 for hydraulically dredged sediment (Schroeder, P., 18 November
1987 personal communication). Construction costs for clarification were
assumed to be 25 percent of settling basin construction costs, which
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accounts for an additional berm for the secondary settling basin (Schroeder
1983) and associated chemical addition equipment.

The major cost items for confined aquatic, nearshore, and upland
disposal are associated with site acquisition, dike and berm construction,
and installation of liner and cap materials. Costs for these confined
structure components depends on assumed fill depths. For the purposes of
this evaluation, upland, nearshore, and confined aquatic disposal fill
depths were assumed to be 15, 30, and 15 ft, respectively. The value of land
for upland and nearshore disposal sites were estimated to be $25,000/ac and
$43,000/ac, respectively (Rockey, M., 11 August 1987, personal communica-
tion). The costs for dike and weir construction were estimated by averaging
costs for all potential sites presented in Table 5-4 of Phillips et al.
(1985). Three foot liner depths were assumed for upland sites. In the
absence of treatment, nearshore sites were assumed to contain a soil/ben-
tonite cap ($4.20/yd3) without liner. Upland sites were assumed to contain
a clay over dual synthetic Tliners comb]ete with underdrain systems for
leachate collection ($15.64/yd3). For the solidification alternative, a
3-ft clay cap ($4.20/yd3) and a 3-ft clay liner ($4.20/yd3) with underdrains
($0.12/yd3) was proposed for draining purposes. For solvent extraction and
thermal treatment alternatives, a 1-ft clay liner ($1.40/yd3) was assumed
and a 3-ft clay cap was assumed for the disposal facility. Cap depths of
3 ft were assumed for upland and nearshore, and a 6-ft cap was assumed for
in situ capping. Material and installation costs for synthetic liners and
caps were estimated from data provided by Phillips et al. (1985).

Intertidal habitat mitigation was assumed to be performed by clamshell
dredging. Clean sediment was assumed to replace lost intertidal habitat on
a volume per volume basis.

Operation and maintenance costs for upland and nearshore confinement
options were assumed to consist of inspections, erosion control, repairs and
maintenance of site vegetation. Costs for these items in addition to
revegetation of the confinement area following completion of disposal
operations were estimated from data provide by U.S. EPA (1985) Present
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worth of operation and maintenance costs were estimated with a 10 percent
discount for 30 yr for all alternatives.

Monitoring programs will last from 5 to 30 yr depending on remedial
alternatives. For open-water sites (i.e., in situ capping and confined
aquatic dispo§a1), it was assumed that one sample station per acre would be
established with a maximum of 30 stations. For each sampling station, one
core with three samples would be obtained for depth resolution. For
treatment alternatives, annual sampling was assumed for the first § yr. In
. the absence of treatment, semiannual sampling was assumed to occur for the
first 5 yr, followed by biannual sampling for years & to 30. Upland,
nearshore, and land treatment options will use monitoring wells. For non-
treated sediment disposal, one well per 25,000 yd3 of sediment was assumed,
with a maximum of 15 and a minimum of six wells per site. For disposal of
treated sediments, a total of six monitoring wells will be installed up and
downgradient of the site for leachate collection. A base cost of $1,200 per
sample was assumed for chemical analysis.
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NIy C0es Tosts (8) Tost (8)
Samz’ing Segerar

Zedinent Core {zre oer 4,300 ved) 81,5CC /azre $:39,500
(hemica! Anaivsis (gne per 4,007 vd3)  uareruav decendent $1iL,400

T'amshei! Drecoe/Open-uater Cf
Camshei’ Drecme gt (M $1.%5 /v@3 3452,500
Ciamsheii Oredae Canoina Materiais 0.5 /ve3 92,503
Teangoort 2t (M (Lo 42 5 af) $0.50 /vd3 $185,000
Transpart ot Cacoing Materials $0.10 /vd3 $37,000
Subtotal $1,028; 100
Cantinsency (Z0%) $205:620
Mcbiiizaticns Sondings Insurance (10%) . $102,810
Subtata! $1,335,530
Acninistraticns Sngineering (1SH) $200,480
Total Initial Costs $1,537,000

(&M COSTS - Present Ugrth

Sise maintenance (30 vrs) .08 /vd3/ve 7M1
Number ot manitaring stations 1 station/acre (30 Maximum) X
Care Acauisition 1 core/station  $1,500 /core $672)%0
Chewicai analvsis. J samies/statio $1,200 /samle at Dennv Uav $1,15,080

$1,200 /samle at N. Harbor Isiand
Semi-annual samoling for ve 15
8i-anmal sameling for vr &~

Contingency (20X} 371432
Present Worth of OBM Costs $2,25,00
{10% Discounts 30 vr)
C0ST SRy )
Total Alternative Ccsts $3,802, 000
D-9
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TAE -4 Ciamshe'! Jredee/Nearshore Jisazss’ 8temmztiiz

Zenny av
Jemes (yd) R
Yroz! =2} jorsas
Vaizme (véd) 2200
mmaetidal e
Unie 3o {véd!

NTIAL TETE Tosts (8 Toss (3)
Sieg Acauigisice {30 4 471 843,000 /az=e $1F, 48
2'ep Jegzaparian (17N Cisg eapisieion) $19,548
Sams’ ine Seogege

~ent (202 {ore zer 6207 yell $1,503 /oore 38,500
Chemiza! Analvsis (mme oer c2re)  uaterwav desendent 865,000

T'zmshel’ Drecee/Nearshore Disacsal
Jike and Weir {onstruztion $C.7C /vel $434,777
Claritizatizn Dnit Comstruction 80,18 /val $38,500
Ciamshe!! Drecee $1.28 /vd@3 $715,300
3srag Transeort (e 4o S 2iles) $0.50 /ve3 $110,000
Ciamshe'! COM Flacement $1.%5 /vdé3 $7R,CCC
Tremical Clariization $0.20 /vd3 44,300
Cac Flacement $2.10 /vé3 $442,00C
CizsurefVengtation 80,12 /vé3 2,000
Intertidai mitisation $1.% Ivd2 864, 750
Monitoeing Weils 2,000 Juelt $:8,00C
Suctatal $1,826, 70
Cantincency (Z0N) 3455, X0
Mohiiizatiens Banding; Insurance (10N} $182,675
Suptatai $2:376, 715
Administratians Enaineering {{SK) 34,216
"atal Initial Cests $2,731,000

(08M COSTS - Present liarth

Site maintenance (30 yrs) $0.08 /vd3/vr $145,948
Nunber of monitoring wells © 1 wel /75000 vd3 (15 Maxs & Min) 3
(hen analvsis 1 samo/vel| $1,200 /samole at Denny lav $113,508

) $1,200 /samole at N, Harbor Isiand
Semi-annual samoling for vr 1-5
Annual sameling for vr &30

Contingency (Z04) 85,85
Present Worth O Costs 435,000
{10% Discounts 3 Vr)

{0ST IMERY
Tata! Alternative Costs 83,066,000

D-10
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TM3C 2-4  Clamshe!l Dredae/Nearshare Dismosal diternasive

N, Harser
igignd
Jeoth lve) L
Breal ve2) Imiet
Vaiome (ved) I
{atertida! e
nie area (ye2)

INTIAL 0572 Casts {8) Cast ($)
Siea Beeyigivion 1 4e 20iT) 83,000 Jacre 828,719
Sisg Presaratizn (1% Site Acauisiticn) $32,872
Sameiine Secaram

Segimenrt Core {one oer 4,000 va3) 81,500 /core $139,500
Cremiza! Anaivsis (gre oer zgre)  uateruay decendert $111,800

Ctamshel! Jrecee/Nearshore Disposal
Dike and berm constructisn 8.7 /vd3 $259,00C
Clamshel ! Drecee $1.25 fved $462,500
Barae Transoars (uo to 5 miles) $0.90 /vdd 165,000
Clanshe!! (M Placement $1.%5 /vd@3 $442,500
Can Placement $2.10 /vd3 $777,000
Closure/Vesetation $0.10 /vdd $37,000
Intertidai mitisation $1.% /vd&2 $108,500
Yonitcring Wells $2,000 /uwell $30,000
Subtatal $2,93,191
Contincency (Z0%) $584,838
Mobilizatians Boncings Insurance (10%) $293,419
Subtotal . 3,814,448
Administrations Enaineering (1SK) - 972,187
Total Initial Costs %, 387,000

02M COSTS - Present Worth

Site maintenance (3 vrs) .08 /vdd/vr 77,18
Number of monitoring wells 1 wel [/25000 vd3 (1S Max, & Min) 15
Chem analvsis 1 sam/uel! $1,200 /samole at Denrv av $169, 160

) $1,200 /samele at N. Harbor Isiand
Semi-annual sameling for v 1-5
Armual samoling for ve &30

Contingency (Z0%) $73,682
Present UWorth OBM Costs 542,000
(10% Discount, 3 Yr)
~ COST SMHRY
Total Alternative Costs $4,949,000
D-11
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TAY T NS "ameng!’ Tropsa/ =izes .
WRE T-3 Tamsee’’ Sregsef/zizne

53233 B waeezitis

Togis (8)

$Z5,00C fazre

@ =

00 Joore

Wateruay Deoendent

3' Anaivsiz {2me se» 2ove)
Tamsrel’ Trodee/Uniand Dissosai
T'amghelt <raceing

o L
Seciment s2manc. ne

3.5 @
$..00 &

Zarze wansanet (o 1o S i) 80,50 /vel
Tpuzk beamgaes (20 2.0 /ved
Jike and Serm 0.5 /vd3
Clariéization Unit Canstruztion $0.09 /vel
Limer=Jra=zze Sand/Grave! (1 #+ 'ayer) 0.0 /@3
Lingr=Brimary Linderdrain Svstem $0.12 /vd@3
LingraSynthetic Linge (30 mi! Sutvi/EPM)  $1.00 /vd3
Liner-Leachate (cllection Svstem $0.12 /vd@3
_impr-Cynthetic Liner (30 mi! Suty!/PM) 6100 N3
Lingr=Clay Sottom Lines $%.20 /vd3
Can~Topsai! Veaetative Laver (2 ¢t) $2.40 /vd@d
Cas=Jrainace Sand/Gravel (1 #¢ laver) $0.60 /v@3
Tap=Synthetic Limer (30 mi! Suty!/EFOM) $1.00 /ve3
CaoClay Primary Liner (3 #¢t) $.20 /vd3
Srecae Uater Claritization %0.20 /vd3
Reveaetation $0.20 /vd3
Intertidal mitication $1. % Iv@3
Monitarine Weils $2,000 /wel!

Suntosal
Cantinaency (200
Mghiiizations dondings Insurance (1%}

Subtota!
Acministration, Engineering (15K}
Total Initial Costs
04M COSTS - Fresent Worth
Site maintenance (30 vr)- $0.16 /vd3/ve
Number ot monitoring wells

Chen araivsis ! samo/we! $1,200 /samole a

$1,200 /samoie at N. Harbor Isiand

Semi-annual sameiine for yr 15
8i-anmal sameling yr &30

Contingency (Z0%)
Present Uorth of 0BM Costs
140% Discounts 30 vr)
CoST SRy
Tatal Altermative Costs

Jeotn {ve)
8r23 {y22}

Voiome {véd)

1 wel [/75000 vd3 (15 maxs & min)

t Dennv lay

D-12

Jenny v

Tos 8
227,772
322,777

%252
46,077

875,10
$ZZ:0t

g+14n, N

Cean] vww

442,200
§77,200
$19.,800

$176,0C0
$26,4C

220,000
$26,40C

220,000

$924,00C

28,000

$175,000

$220,000
$1,155,000
$15,400
$44,000

&0

$18,000

5,291, 0
$1,056,3%C
829,11

$6,87,210
1,031,882
$7,911,000

§31,7%
9
$113,508

7,089
£X,0C

8, 444 00

DUW 80036949
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TAAZ 0-S  Clamshe!! Jredse/Uniand Disoosa! Altermative

Denth (vd
8rea {vc2
Volume (v
INTIAL TR Tomrs (8
Site Acquisision {15744 411} $25,0CC /acre
Sita Swemgratizn (12N Site 8cousition)
Samoiing Proaran
Sediment o2 (zre ser £)T00 vdd) $1,508 /eore
Chemiza’ Anaivsis (one ocer zare) Wateruay Desendent
Camshel! Crecgefibianc Jisacsal
Clamsheti dredging $1.5 /vd3
Barce transeart (Lo t3 3 mi) $0.90 /vd3
Secdiment rchandiing $1.00 /vd3
Truck tramseort (2 =i} $2.01 /vdd
Dike and Bera 8.5 /vd3
Ciaritication Unit Constructisn $0.09 /vdd
“iner-Drainage Sand/Gravel (1 #t laver) $0.80 /vd3
Liner—Primary Undercrain System $0.1Z /vd3
U'rer-Synthetic Liner (30 mil Butyi/POM)  $1.00 /vd3
Liner-Leachate Caliection Svstem $0.12 /vd3
Liner=Synthetic Liner (30 mil Butyl/BPOM)  $1.00 /vd3
inerClav Bottom Liner .20 /vd3
Cap-Topsoi! Vesetative Laver (2 +) $2.40 /vd3
Cao-Drainase Sand/Gravel (1 ft laver) $0.80 /vd@3
Cap=Synthetic Liner (30 =il Butvi/EPOM) $1.00 /vl
CapClay Primary Liner (3 ft) .2 /vid
Oredge Uater Claritication $0.20 /vd3
Reveaetation 0.2 /vd3
Intertidal mitigation $1.% @3
Monitoring Wells $2;000 /well
Subtotal

Contincency (20%)
¥ehitizaticn) Bondings Insurance (10X)

Subtatal
Adwinistration, Engineering (15K}

Total Initial Costs
(&M COSTS - Present Worth
Site maintenance (X wr) $0.16 /vd3fvr
Nusber of monitoring wells 1 well/Z5000 vd3 {15 maxs 6 min)
{hem anaivsis 1 saw/wei| $1,700 /samole at Dennv lav

)
)

AT

=)

N, Hgrao-
‘siand
L}
47~.D¢D
Jmoe

Tz5e 18)

832,23
38,23

139,530
$11L,4C8

462,500
$185,00C
$37C, 00
$743, 70
$129,5¢
$33,300
$296,000
$64,400
$370,000
844,400
$310,000
1,554,000
$888,000
$296,00C
370,00
$1,942,500
$25,700
$74,000
0

$30,000

$8,900, 7%
$1,780,154
870,05

$11,57,%1
$1,7%,447
$13,307,00

558,25
15
$189,180

$1,200 /samle at N. Harbor [siand

Seni-anrual samolina for ve {5
Bi-anmal samoiing yr &30

Contingency (Z0%)

Present Uarth of OBM Costs

{10% Discounts 30 ve)
08T SMeRY

Tatal Alternative Costs

D-13
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871,000

$14,204,C00
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AT C-e D amgmel Deecae/Seiiciézatian/leiand 3

Jisonea’ Aieemaaniye

Jerry Wy
Jeath {4} :
droa (yc?) Zeone
Vziume (vd3) 20000
dnit
NITIH TS Toss (8) Tt %)
Site Acquigition (13 $¢ #1703 $25,007 Jazre $220,273
Sita Prosaraticn 1120 Sien dpausivion) 22,777
Samaiing Sraarar
Sedizent Czre (cne oer 4,000 vad) 30,500 /ozre 82,500
Chemical Analvsis (one oer core) uaterudy desendent %646, 001
Clamshei! Jredoe/Saiidtication/Unland Disscsal
Dike and Barm Camstruction $0.40 /ve2 $08,000
T'aritizatian tnit Construction .40 fvad 822,200
Ciamshel! dredgine $1.5 @@ $25,00C
Zarge transeart (uwo to S mi) 80,50 /vé3 $110,000
Truck transeart (2 mi) $2.00 /vd3 $442,200
Cediment rehandling $1.00 /vd3 $220,000
Liner (3 ¢ zlay) .2 /vd3 $924,00C
Underdrain $0.12 /vd3 $25,400
Chemical Claritication $0.20 /vd3 $464,000
Soliditication $5.70 /vd@3 5,500,000
Cover (3 #t ciav or soil) $6.20 /vd@3 $924,000
Revecetation $0.12 ivd@3 $25,400
Monitaring Wells $2,000 /uell $12,000
Subtotal 9,012,500
Cantincency (20%) 41,802,500
Mcbiiizatizmy Sondings Insurance (10%) 01,50
Subtota! $11,716, 0
Administraticns Engineering (1S%) ' $1,757,438
Total Initial Costs $13,474,000
CaM LNIT 20ST8
Site mintenance (3 vr) $0.16 vl £331,53%
Manitoring we b wells/site &
Chemizal anal 1 samoie/uel | $1,200 /samole at Dennv Wav %27, 288
_ $1,200 /samole at N. Harbor Island
Annual sameling for S vr
Contingency (20%) 71,85
Present Ucrth af 08M Costs $431,000
{10% Discounts 30 vr maintenances S v monitoring)
C0ST SRy
Total Alternative Costs $13,905,000
D-14
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TALT -5 Ciamsme’ Drecae/So'idiéizaticafloiand Jisansal Aitermative
. =arber
igiand

- f ;
Jopth {va) .

-~

droz {y27}

slaaus

VC;:EE (Vﬁ3) 3 ;;;3
NI ST ' “sas (3) “ost 19)
Site Ocquisition (15 44 #101) &5, 30T [azs 382,73,
S'eo Sraparatian {10) Siva Apausiticn) 38,23
Samaiine ragrar
Sedizent Care {ore ser 4)CCC ved) $1,50C /eore 3139500
(hemiza! Anaivsis {ame ser core) uatersay desendent $114,4800
Tlamshei! Jsecce/Solidticaticn/Uniand Disoosal
Dike and 3erm Canstru=ticn $0.40 /vl $148,00C
Claritization Unit Comstruction .15 /vdd 837,000
Ciamshe'! dredaine $..25 /va3 $442,50C
Zarse transocrt {uo o0 3 i) 0.5 /vdd §1%,000
Truck transaget (2 mi} $2.00 /vd3 $743,700
S'ogiing oosters (2 units) $1.700 /vad 370,000
Liner (3 #t ziav) $.20 /vd3 $1,554,00C
Underdrain $0.12 /vd3 $44,40C
Chemical Claritication $.20 /vd3 $7,000
Sgiiditization $5.00 /v@3 $9,250,000
Cover (3 ¢ clav or soii) .20 /vd3 $1,506,000
Reveqetation .12 /vd3 $44,450
Monitaring Uells $2,000 /uel! $12,000
Sumtetal $15,150,555
Cantincency (200} $3,:030: 111
Mchilizations dondings Iasurance (10%) $1,515,0%5
Subtotal $19:6%, 721
8ministraticny Zngineering (1SK) $2,954,358
Tatal Initial Casts $22,450,000
08M INIT COSTS ‘
Site maintenance (3 vr) $0.16 /v@3 58,256
Mon. wells b wells/site 6
Chem analvsis 1 camole/well $1,200 /samoie at Derny Way $71,288
. $1,200 /samoie at N. Harbor [sland
Annual samoling for S ve
Contingency (Z0%) $117,109
Present Uorth af 084 Costs $703,000
(10% Discounts 30 vr maintenances 5 vr monitoring)
C0ST SRy
Tatal Alternative Costs $23,%3,000

D-15
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TARE -7 Ciamshei! Jredee/Soivest Sxtracticn/oiand Disonsa! Alternative

N, “arhor
Isiand
Jeoth (ve) :
brea {yd?) Jroce
Voicme {ve3) o
NITIAL ST Casts {8) Cast (9)
Site Acawisieizn {15 4 £11) SZ5050 Jazne S
Sit Segzaration (17N Site Beauisition) 238,23
Sameiing Program
Sedinent Core (gre ser 4,200 vdd) $1,550 /eare $139,500
Chemical Amaivsis (ane oer 4,000 vd3) uateruav desendent $118,400
C'amske!! Dredee/Soivent Sxtraction/Upland Dissosal
Dike and Berm Canstruction $0.40 /vd3 $148,00C
Clamshei! Dredee $1.25 /vd3 $462,500
Baran Transeort (us to 5 miies) $0.50 /vd3 $165,000
Truck Transeort (2 miles) $2.01 ivdd $743,700
Clamshel! Unigad $1.25 /vd3 $462,500
Seivent Sxtraction $170 /vd3 $44,400,000
Cam {3 ft clay) $.20 /vd3 $1,554,000
Liner {1 #t clay) $1.60 /vd3 518,000
Revecetation $0.12 vd@3 $44,400
Mgnitoring Wells 2,000 /ue!! $12,000
Subtota! 9,201,655
Contincency (Z0%) 9,840,331
Mobilization; Bondings Insurance (10%) 4,920,165
Shtotal 83,962,151
Administrations Engireering (1S%) $9,596, 33
Total Initial Costs $73,505,000
(84 COSTS - Present Worth
Site maintenance (30 vr) 40.16 /vd3/vr 558,25
Monitaoring wells & wells/site b
Chemical analvsis 1 samle/uel! $1,200 /samole at Dennv lav %27,208
$1,200 /samole at N. Harbor Island
Annual sameling for S vr
Contingency (Z0%) $117,109
Present Worth at 0BM Costs $703,000
{10% Discounts S vr monitoring) 30 vr maintenance)
(08T SM¥RY
Total Altermative Costs $76,259,000

D-17
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TABLE 0-8 tydraulic Oredge and Confined Aquatic Disposal

Mouth City
Target 10 Yrs  Max. ACT
deth (vd) 1.00 1.0 0.00
Area (yd2) 152000 53000 ¢
Volure (vd3) 152008 55000 0
. Unit Target 10Yrs  Max. ALT
INITIAL CQ5TS Casts (§) Cost (§) Costs (§) Costs (3)
tydrau'ic Oredge/CAD (Waterway)
Clamshell Oredge of Contaminated Sedime $1.25 /a3 36,050 45,050 40
{1 acre, with site specific depth)
Transport (2 to 5 mi) and Oisposal $0.50 /vd3 $2,420 $2,420 $0
Clamshell Dredge Clean Sediment $1.285 hd3 32,268 $2,268 10
(3.75 ft cap over 10ft bed of COM)
Hydraulic Dredge of Contaminated Sedime $1.50 Ad3 $662,220  $243,720 30
followed by underlaying clean sediments
to provide 6 ft cap
Subtotal $672,959  4254,458 0
Contingency (20%) $134,592 450,882 $0
Mobilization, Bonding, Insurance (10%) $67,206 325,445 $0
Subtotal $874,346  $330,796 $0
Administration, Engineering (15%) $131,27 449,619 $0
Total Initial Costs $1,006,000  $380,000 $0
OSM COSTS - Present Worth
Site mintanance (30 yr) $0.08 /vd3fyr $195,809 372,546 $0
Nunber of mnitoring stations 1 station/acre (30 Maximum) 30 1" 0
Core Acquisition 1 core/statio  $1,500 /core $637,650  $297,570 $0
Chemical analysis 3 samples/sta  $1,500 /sanple at Head Hylebos  $1,020,280  $476,112 10
$1,000 /sample at Mouth Hylebos
Semi-anrwally for year 1 to § $1,500 /sanple at Sitcum
Every two years for year 6 to 30 $800 /sanple @t St. Paul
4900 /sanpla at Middle
$800 /sanple at Mauth City
$1,500 /sarple at Head City
$1,200 /sanple at Wheeler Osgood
$2,300 /sample at Ruston-
Pt. Defiance
Contingency (20%) $368,958  $169,246 $0
Present Worth of 08 Costs (5% Discont, 30 yr)  $2,214,000 $1,015,000 $0
0057 SIMMRY
Tota) Altemative Costs $3,220,000 $1,395,000 $0
D-18
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TABE 1-7 mvarauiiz Jredee/Nearshor2 Disacsa: Aigermative

Taraes Ty Max &7
Qameh lyel . : .
Aeca dvdZ) s 83t ' 2seal
[l FIRVH VALK ERY /A
inte~ridal (y2d! T z :
NITy ETE :;55 (%) Tost (8) Costs {8) Costs ($)
Teg Bmanigieiom (L4 40T 843,777 fazme $1X04  STHUS U9,
Sen Tmangraticn (1N Site Apuisivisnl 313,50 7,36 81,95
Sams’ine Sesasar
nt Dare fzne ser 4,007 ve3) $1,500 /ozre ®$,U0 S0 7,00
ai Bnaivsis {one ser z2re)  uwaterwav desencent &0 w3 87,70
“éeaui s Jrecee/Nearshore Jisecsal
Tike anc weir Congtruction 5.7 /vdd $106450 %8100 93,803
Ciaritizarion Unit Construstion $0.18 /v@3 $25: 600 $14,525 $73,45C
Cotterhead Operating (ost 81.50 /vd@3 $228,000 $126,500  $201,0C0
Siee!ine Booster $0.50 /vd3 $75,000  $41,500  $&7.00C
Themical Clariticaticn $£.5 Ivd3 €320 $9:050 %4500
Cap Flacement $2.10 /vd3 19,200 $17%,300  $28L,40C
C'osure/Vecetaticn $0.10 /va3 $15,200 8,00 $13,400
intertidal Mitisatian $1.78 Ivd@d %0 % t:H
Yenitoring Weils 82,000 Juel! $12,000 $12,300 412,000
Subtota! sLELUS 40,37 L1958
Tantingency (ZOW) $50,229 s148,0m 223,581
Mobitizations Bondinas Insurance (10W) $125,115 $%,07  $iLAC
Sictotal $1,826:)687  $962,905 $1,453,276
Adninistraticny Enaineering {15%) SU3,973 14T $207,9
“otal Initial Costs $1,870,000 $1,107,C00 $1,671,000
(&M COSTS - Fregent Uarth
Site mainterance (3 ve) $0.38 /vd3/vr $116,667  ®62,615  $101,090
Nusber gf monitoring wells 1 wel1/25000 vd3 (1S Maxs & Min) 3 & 3
Chemical anal 1 sanole/wel! $1,500 /samole at Head Hylebos 96,590 99,590 $%,5%0
$1,000 /samole at Mouth Hviebos
Semi-annuaily for vr 1 80 5 $1,500 /samole at Siteum
Anruallv tor ve b to T %800 /samole at St. Paul
%900 /samole at Middle
$800 /samole at Mouth City
$1,500 /samole at Head City
$1,200 /samole at Wheeler Osaond
$2,30 /samole at Rustom=
Pt. Detiance
Contingency (Z0%) $41,862 $31,481 $9:1%
Present Uorth O8M Costs 51,000 $189.000 25,000
{10% Discounts 30 vr)
C0ST SM¥RY
Total Alternative Costs $2,121,000 $1,296,000 $1,906,000
D-19
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-
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TARZ -0 Svmezu oz Jepcee/ipiang Disszsal ATeermative
Jeass {ys!}
&roz {ye2)
Veiome {ved)
inte

e e ma
T e

+ Core {mme ser 4200 v23)

S aan YOO

Chemiza! Arzivsis {gne oer care)

- DredoefUniand Disacsal

Couzerhead

Sineiine 3ozsters (2 units!)

2k snc Zerm

Claritication Unit Canstructian
~.ngr=Jrainaee Sand/Grave! (! 4t iaver)
LinerFrimary Underdrain Svstem
Lingr=Synthetic Uines {30 ail Sutyi/ETH)
Liner_eachare (ol lecticn Svster '
Liner-Synthetiz Limer (30 ai! Butyl/EPOM)
Liner=Clay Bottom Liner

Cap-Tzosal ! Vesetative Laver (2 4}
Cap-Orainase Sand/Grave! {1 ¢t laver)
Cao=Svnthevic Lirer (30 =il Sutv!/EPOM)
Cao=Ciav Primary Liner {3 $t)

Jredge Uater Claritication

Reveetatian

“yira

Monitoring lells

Subtatal
{entinceney (Z0N)
Mobi!izations Bondinay Insurance (10%)

n

stotal
Administrations Ensineering (15K}

¢

losts (8)

$25: 000 faz-e

2,500 Joore

Wateruay Desendent

$:.5C /vl
81,00 Iveé?
$0.35 /vd3
80.09 /v@3
$C.80 /vd3
$0.12 /v
$1.00 /vd3
$0.12 fvd3
$1.00 /v@3
.20 /v@3
$2.40 /vd3
£0.80 /vd3
$:.00 /vd3
.20 /v&3
0.5 /vd3
$0.2 /v@3

$2,000 Juell

Tota! Initial Costs

(08M COSTS - Present larth

Site maintenance (3 vr)
Nunber ot monitaring wells

$0.16 Ivd3/ve
1 wel /25000 vd3 (1S maxs & min)

Chem analvsis 1 samo/uel | $1,200 /samole
. $1,200 /samole
Semi-annual samoling tar vr 15 $1,200 /samcle
3i-annual sameling vr &30
Continaency (Z0N)

Present Worth of (&M Costs
(10% Discount, 30 vr)

0T MRy

Teta!l Alternative C2s

D-20

— il
pxins
o

-
Tost 18

$771.2713
2.

P
$330,7C0
$220,0%2

$77,000
$19,80C
$176,00C
26400
$220,(00
25,400
$220,000
$924,000
78,000
$176,000
220,000
$1,386,000
25,950
44,000

$18,000
5,037,050
1,007,410
803,75
36,548,165

92,25
$7,530,000

£31,9%
9
$113,98

55089
35,000

menpen
s
kReiniaia)

Tosts {8)

Tneen

17". istaral
-

Costs (8)

$113,836  €3]2.72
311,204 8,23
82,80 ;e
866,200 $111A00
$i45,500 #5500
$1i0,00C  ¢3M, 20
38,500 $129,5CC
9,90 $33,300
$88,000  $295,000
3,20 sb400
81:0,0°00  &I;000
$13,200 $44,40C
$1:0,000 370,000
$4£2,000 $1,554,00C
$264,000  +688,C00
$38, 10 $294,000
$110,000  «370,000
$693,000 $2, 331,000
$13,4% 45,35
$22,000 $74,000
$12,000 30,00
$2,5%: TR $8,472,480
519,155 $1,696,495
$59,.578 847,248
3,376,508 $11,00623
06,176 $1,652,13%
3,881,000 $12,566,000
$165,988 558,54
6 15
§5,672 189180
848,38  $149,487
$290,000  $897,000

$8,065,000  $4,171,0C0 $13,563,000

DUW 80036956
BVL
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TS 31l Tlamshe | Dredee/Tmeemal

INTIR TR

- - im e - LR =GP L1y
w23 Bezyigieion (IS 4 4000}

e

.aw: mg ---:ram
Zozimemt fore {zre spr 4,000 vE3)

Treatment/piang Jisoosa’ Bitemnziive

~
Temes (ve)

Arga {yA2}
Vaicme {ved)
intertida’ {v@2
it
Casts (85

825,200 Jazre

itg Srongratinn {12% Site Acauisitian)

& I:\:u [zzr2

Chemiza' 8na'vsis {gne ser =are) waterwav desendent

llamshell
Dike and 3erm Constocctise
Clamsheii Drecee

Zarqe Transacrt {2 mifes)

Teek Transeort (2 miies)

Ciamshe!i Unicad

T-grag} Tegatment

Liner {1 tt ciav)

fao {3 %t ziav)

Reveagtatian

Intertical Mitisaticn
Menitoring Welis

Subtotai
Cantincency (Z0W)

Yehilization Sondings Insurance (1Z3)

Subtata!
Administratien, Enqineering (15N)

Jr2dsa/Scivent Sxtractizn/Upiand Oisscsal

.40 Ived
5.5 /vd3
$0.50 /ve?
82,01 /ve3
$1.25 /vd3

RC /ved
§..40 /vdd
$4.20 /ve3
$0.12 /vé3
$1.75 /vd3
$2,000 Jue!!

Tatal Initial Costs

(&M ((STS ~ Present Uorth

Qe
=54

mainterance (30 vr)

Menitor, well
Chemical anal

b well/site
! samo/uwel |

dnnual semoling for S ve

$0.15 /vd3/ye

$1;500 /samole at Head Hviebos
$1,000 /samole at Mouth Hviebos
$1,500 /samole at Siten

$900 /samole at St. Pau!

900 /samole at Middle

$00 /samole at Mouth City
$1,500 /samole at Fead City

1,200 /samle at Wheeler Osaood

82,30 /samole at Rustom
Pt Defiance

ontincerey (Z0B)

Fresent Uorth of OB Costs
(10% Discounts S vr monitorings 30 vr maintenance)

COST SMRY

Total Aiternative (osts

D-21

‘et Hisnes

Taragr v Max &7

R SR .5

L3778 3R pUEES

k7 BeH 766000 e
2o pauy "
Tzreet oo Vax, &7
Cost {8) Czsts {8} Costs (8)
838,843 $56,.%2 $77,893
$33,88 $25,6:2 82,759
322,000 $:23,C70 $123,500
WATHENEEEE TVAHE N YA TN
$.3L,200 $98,470 $17,80C
810,000 $307,5C0 &3, %0
$164,500 $.23,00C $13,507
859,280 394,480 4,270
$41C,30C $367,900 3,70
98,400,000 73,800,000 8,100,500
$4S9, 700 $364,400 $37,680C
$1,37,600  $,,033,200 $113,400
39,340 $29,52C 43,240
1,000 $12,40 3
$12,000 $12,C0 $12,002
$102,702,387 70,080, 7% 88,689,172
$20,%40,673 815,417,555  $1,737,838
$10,70,231 SR T8 858919
$133,513,077 $100,214,108 $11,29%5,949
$20, 026,952 $15,032,116  $1,694,372
$153,540,000 $115,246,000 $12,990.000
$494,8086 35,340 %%, 20

s & b

834,110 834,110 %3110
$105, 99 $14,47 $7,885
3,000 38,000 $45,000

$154,175,000 $115,3%,000 13,036,000

DUW
BVL

80036957
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TAEZ C-il Ciamsre::

Shee bpopisieion UL
Site Presaration L
Sampiine =sccram
i

Pau -
[Soha-BR el

Zoc impae
seciment

Chemiza. dnalvsis

C'ameneii Drecee/So

Dike anc Serm Construction

Clamshei! Jredae
3arqe Transaort |

Tmick Transsort (2 miles)

Clamshe!! tnicad
Thermai Treatment
Liner (1 ft =lay)
Can (3 # =iay)
Revesetatign

Intertidal Mitica
Monitarina Uelis
Supsatal

Contincency (Z0%)
Mohilizations Sondi

Subtcta’
Administrations Sne

Jrecee/Ternal Treatrent/iniand Disocsal Aiternat e

Jeoth {vz)
Are2 {yE2!
iy Lme (v423)
intertidal (ydd
it
Costs {$)
S e i) 325,000 Jace
3% Site Acauisition)

e ser L0200 va3) 81,500 Jeare
{zne ser zore) uaterugv decengant
ivert Exsractisn/Upiand Disoosal
$2.42 /vdd
$1.% /vd3
$0.5C /v@3
52.01 a3
$1.25 /vd3
00 /vl
$1.40 /vd3
8. /veéd
$0.12 /vd3
$1.7 /vd3
$2,000 /uel!

2 miies)

tion

nqy [nsurance (10%)

ineering (15K}

Totai Initial Costs

(08M COSTS - Present Warth
Site maintenance (30 vr) 40,16 fvd3/vr
Monitar. well b well/site
Chenical anal 1 samo/wel! $1,500 /samole at Head Hviebos

Arnuai samoling for 5 vr

05T SRy

$1,000 /samle at Mouth Hvienos
$1,500 /samele at Sitcum

$900 /samoie at St. Paul

90 /samoie at Middle

%800 /samle at Mouth City
$1,500 /samole at Head City
$1,200 /samole at Wheeier Osaond
$2,300 /samele at Ruston-

Pt. Detiance

Contingency (Z0%)

Present Worth of OBM Costs

Youth Sviencs

Tarqet 10w Max. &
2 2 2
27t 8000 187000
£330 96C00 WACD
83T g 2
Tarcet R Yax. AET
Cost (8} (Caosts (§)  Coses ($)
AT, 24 249 STE,IT
$4L, 734 $270, U8 837,473
842,000 S350 3142.300
$108,000  $128,200 8.7
$:73,200 78,430 $145,800
41,250 $245, 000 LSS5,500
$216,500 $98,000 182,008
®£70,3X 393,940 $738,840
41,50 45000 #4500

829,900,000 58,800,000 109,200,000

$605,200 $776,400  $509,400
$1,818,400 ®23,0  $1,528,600
$51,940 $23,520 $43:480
$145, 20 %0 1
$12,000 $12,000 $12,000

$13,638,55 41,485,207 $113,946,95%
1777 812,90 % $22,789, 39
$13,583,859 36,148,621 811,394,695

$176:330, 161 $79,932,069 $148,131,043
525,449,528 $11,989,810 $22,219,456

$202,780,000  $91,922,000 $170,3651,000

%280 831,340 $58,240

6 & 6
$22,740 $22,740 $22,760
$18,408 $10,820 $16:19
$110,000 5,000 $77,00

(10% Discounts S vr monitorings 30 vr maintenane

Total Alternative Costs

D-22

$202,890,000 491,787,000 $170,448,000

DUW 80036958
BVL
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AT 3-12 Tamsne Drecee/iznd Teoaumest bitersatiiz
“eac Svishss

«n

Jaaek {ve! z

rea{ye2} AT 808 I8
Voime {ved) IR0 285072 s
meervical {ved) 1200t 7 z
Uris Tarsgd v Max, &7
Ty e Tmeis (9) Tast (8) Tasis I8) Toses I8)
Sieg Acauisiiize 1L % layen) $25,00 fyA3 85,082,665 $3,811,983 $418.3%¢
Teo Smoograsize (1N Tiea bemiisieian) EOR,2L $381,198 0 AR
Samo’ing Srgamar
Zacimgne Core {zme zer 4,070 v23) 81,355 Jezre 817,000 s3I 873,070
Cremizal Analvsis (gne oer 4,700 va3) uateruay decendent $:3,000 123,270 2730
- Piiey Segy 3:00,700 : $100,270 &TC,O0 TDITT
Seciment Xemovz’
ket Modiization 0,00 SO0 s S50
Gredae Oseratian {ose 8.5 /vl 0,000 307,30 sB™RC
Qarce Tramsoort {00 <o 3 miles) $€.5C /vd3 $164,000 $1Z3,000 13,300
Ciamshei! Unizad (200 ve3/An! $1.%5 v 410,000 4307500 @, AT
Trugk Teamsacet {2 @iies) 82.71 /ve3 859,280 W96 ®670
Tntertidal Mitication 8.8 a3 1,000 $12,%0 ]
“r2atment and Disecsal
®un=cn ang Rurmeté Conteal £0.20 /vd3 845,400 49,700 5,400
Manitoring lelis $2,000 /we!! $24,000 $12,000 $12,000
Lvsimeters (70 ser site) $250 /each 5,000 %,000 0,000
Suptatai §HUHT ®.8M0092 983877
Cantingency (20N} $1,563,558 $1,17%,018 3196, 7R
Mobiiizations Bondimas Insurance {(10%) T, 7R 80009 68T
Subtctal $10,033,126 97,631,119 $1,7,044
Adninistratians Engineering (1S%) $1,504,959 $1,144,88 891,840
Tctal Initial Costs $11,53,000 48,776,000 41,471,000
(8M COSTS - Present Uorth
Site maintenance (30 vr) $0.32 /vd3 973§ 7 8,50
Number ot monitoring wells { wel /25000 vd3 {15 max & min) 13 b b
Cremical analvsis 1 samoles/uel! $1,500 /sample at Head Hv!ebos 204,95 94,50 895,590
$1,000 /samole at Mouth Hviebos
Semi-annually for vear 1 t0 S $1,500 /samole at Sitcua
Everv tuo vears for vear 5 ta 30 $800 /samole at St. Paul
$700 /samole at Middle
$300 /samole at Mouth City
$1,500 /samole at Mead Citv
$1,200 /samole at Wheeler Oscond
$2)300 /samole at Ruston-
Pt. Detiance
Continsency (Z0%) $738:%4 834682 S20:44b
Present Worth ot OBM Costs $1,83,000 208,000 124,000
{10% Discaunty 30 vr)
(ST SMeRY
Totai Alternative Costs $12,972,000 8,984,000 $1,5%,000

D-23
DUy
Byr, 20036954
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T8RS T-2 Camske!’ Jredee/iand Treatment Airermas:ve

Bequisieion {f #+ laver!
2 ’
!

Segpargeion (220 Sice leciigition)

E
9 w

!ing Ceoarar
ens oo (zme ser A4T7C ve3)

[ Bnaivsis {ane aer 4,250 vd3)

Sedimert Remcva’
2ucker Yodidization
Oredae Jperatisn Cost
Zarze Transoort {Up i3 S miles!
Clanshe!i Unigad (200 vé3/he)
Truzk Transocrt (2 mies)
Intertidal Mitication
T-eatment and Jisocsal
Jn-cn and Rur—ot¢ Control

Monitarina lells
Lysimeters (20 ser site)

Subtata’
Cantincency (ZON)
Mobiiizations Bondings Insurance (10%)

Shtntal

Administrations Enaineering (15%)

Total Initial Costs

O8M COSTS - Present Uarth
Site maintenance (I vr)

Nunber of manitaring welis
Themical anaivsis

Cemi-annuaily for vear 1 105
Everv tua vears for vear 5 10 10

Centincency (Z0W)

Present Uorth af &M Costs

{ samoles/well

festh (vd) 2

8realye?) 2‘;751'11':'

Voiume {vé3} L3

imrantizal {yed) 3700
Unie Tarzer

To345 (8) st (%)

$75,000 /v22 $,709, 718
670,971
305,500 Jzore $162,000
waterudy dependent $178,00¢0
3.72,0m $100,200
$20,000 20,200
$1.% /véd 41,50
$0.50 /vdd 214,500
$1.75 /v@3 41,250
$2.01 /vd3 ®Mm3B
8.5 & $145, 250
$0.28 /v@3 34,400
$2,00C Juei! $30,000
8250 /each 5,000
$10,206,852
82,061,312
$1,020,485
$13,268,920
$,990,38
$15,259,000
0.2 Iv@ $138,540
1 wel /25000 vd3 (15 max) & min) s
$1,500 /samoie at Head Hvlebos $157,650)
$1,000 /samoie at Mouth Hyiebos
$1,500 /samoie at Sitom
$800 /samole at St. Paul
$900 /samole at Middle
$800 /samoie at Mouth Citv
$1,500 /samole at tHead City
$1,200 /samole at Wheeler Osaond
$2,300 /samle at Rustom
Pt. Detiance
9,262
$355,000

{10% Discounts 30 ve)

CosT IMRY

Totai Alternative Costs

D-24

Vouth Hviebcs

2
F2C20
98200
b

10y
T=5t5 {8)

2
s
e

Max, &7
Tosts {8)

$3,037,190 €5, 545,455
803,77 s6IS0
$162,300  $142,3C
$128,300 818,80
$:00,2CC 800,02

$20,3C0 $20,2C0
$265,000  $453,000
$98,000  $182,0CC
$265,000  ®455,00E
393,940 &73L,640
1 %0
839,00 $72,800
30,000  $30,00C
$5,000 5,000
$4,787,047 $8,55,9%
57,416 31,705,197
78,707 ELSN
$6,223,190 $11,083,781
933,478 $1,6862,57
$7,157,000 $12,764,000
2,70  $116,480

15 15
$157,650  $157,450
4,07 4,62
$264,000 439,000

$15,614,000 $7,421,000 13,075,000

DUW 80036960

BVL
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= m ot e o
88 < C-.3 ~veraulic Jredee/Sericitizatiznfipisnc Tisedssi Aivarman oz

Jeoth (v} . sz
droa {yc2} Y Keas
Voiume (yed} = 118
T e rog1s 19) 22 18) Czses (8)
3 fzn (S 40 e $25,035 /azre §7ITR $LiLA%
z » 120 Sive bemusiciond 322. 77 51,3
Same’iag Seggrar
Secimgrt Jore lzre mer 4200 ve3) 31,500 Joome 80 RLED
‘ Bnaivsis {gne zer z3re) waterudy cesendent 865,000 $64,07C
aui’'z Jredee/Sciidtizarisn/iniand Disoosal
Dike and Jesm Canstruction 80,45 /vl 88,000 $44,00C
Jlaritization Dnit Tomstruction 30,12 /vdd 22,500 $11,000
Cutternead (3 mile trangogse! $1.30 /vdd $30,00C 815,300
3'opiing oosters {2 Lnits) $1.70 /vd3 $20,000 10,0
Ciner (34t clav) 8.2 /v@3 $926,000  $462,00C
_r=ancrain .12 Ivd@3 $26,400 $13,2CC
Chemizal Ciariticaticn $0.35 /vd3 $7T,C 838,500
Soiiditization $25.00 /vd3 $5,500,000 92,750,000
Cover (3 tt 2lav ar sail) $4.70 /v@3 $926,000  %42,000
Reveaetation $0.12 /vd3 826,400  $13,200
Manitarina Weiis $2,000 /weli $12,000  $12,00C
Subtotal 8,548,300 4,354,400
Cantincency (20%) $L,09.60  $8M.880
Mhilizationy Sondings Insurance (10W) 854,80 %5440
Subtotal $11,112,790 6,660, 720
Adninistrations Emaineering {1S%) $1,665,919 %9108
Tata! [nitial Costs $12,780,000 $6,510,00C
O INIT C0STE
Site maintenance (30 vr) $0.16 /v@3 $[1,93% 315,948
Menitoring we b welis/site b 6
Cremical anal 1 samle/uell $1,700 /eamole 1,28  $71,2%8
$1,200 /samole
Annual samoling for S vr
Contincency (Z0%) 71,85 83881
Bresent Uorth of OBM Costs 31,000 $232,00C
(10% Discounts 3 vr maintenances S vr monitoring)
C0ST SM¥RY
"otal Alternative (osts $13,211,000 $6,762,000

D-25
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- TR . nar sa mmfom A e - P S . M - -
TARLT 2-i3 wydrau sz Deedee/Selidiéizavisnf/ = ans Jisaosa’ Aicaengtus

Teamoie

Jeat~ {vd) . 2
&roa [veZ} e e
Vaiume (vé3 Ryaasa 442520
N e *es 18) “r 18) e (5)
Sieg fpguisisiom {1540 477 $25,307 fazre 382,72 8h%,5L3
Sieg Pracaraticn (22N Sz dousition) 332D UGS
Szro’ine Sesarar

Zeciment Lore {272 20 4,07 ved) $:,3C0 /zore $. 19,50 IR
Chemizai Anzivsis {gne ser =are!) uateruay cessndent $LiLE00 SLLLATT

SyZrauiiz Jrecee/Sgiiddizasion/ln’ane Disonsal
D'ke and Serm Camstruztion 8C.47 IvE2 $148,7%  $176,02C
T'zrittzation it Comstroction $0.1C /vl $37,205 844,200
Cutrernead {3 miie transagrs! §.30 /vl 655,000 e680,000
Fzpting Iozgrers (7 Lnits) 8.0 /vdd 837,000 25
Liner (3 #4 clav) 8%.20 /vdd $1,554,000 §1,848,00°
Ungorcrain 80,12 /vd3 844,400 2,800
Chemizal Ciaritization $0.35 /vd3 $129,500  $1%4,000
Zoiigidization $25.00 /vd3 $9,250,000 $11,000,000
Caver (3 #¢ clav o= sait) 8,20 /vdl $1,554,000 41,848,000
Reveqetatian $0.12 /v@3 $64,400 82,800
Monitaring Welis $2,000 /ue!! $12,00C  $12,C00
Suptatal $14, 39,85 $17,(38, 700
Cantinaency (ZON) $2,873,971 43,407, 4L
Mehitizatiam Soncdingy Insurance {17) $1,436,985 $1,703,870
Subtatal $18,4680,8!1 $22,15C,31C
Administraticny Tnaineering {ISH) 82,802,122 $3:322,57
Total Initial Costs $21,483,000 $25,473,000

08M INIT C0STS
Site mainterarce (I vr) 80.16 @3 R, %43,872
Menitaring we b uells/site ) b
Chemical anal ! samole/vell $1,200 /samole 288 278
SI:ZUU [samnle
Annua! sameling for 5 vr

Contingency (Z0%) s 913B/2R
Present Uorth of 08M Casts $7C,000 829,000

{10% Discounts 3 ve mainterances S vr 2onitoring)
C0ST SMHRY
Tatal Alternative Costs $22,184,000 $24, 32,000

0-26
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TASLE 0~ - Unit Costs for Remedial Activities.

INITIAL COGTS

Sampling Progran

Sadiment_Core {one cer 4,000 vd3 of cleanup volume)

Chemical Analysis (ae per core)
Dredging Operations

Cutterhead Dradge

Pipeline Booster

Clamshell Bucket Modification
Clanshell Oredge

Barge Transport (up to 5 miles)

Truck Transport (2 ailes round trip, 2 loads/tr)

Treatment

Solidification

Solvent Extraction

Therma] Treatment

Chemical Clarification

Land Treatment Treatability Study

isposal

Site Acquisition (Nearshore)

Site Acquisitian (Upland)

Site Preparation

Oike and Berm (Nearshore)

Oike and Serwm (Upland)

Clarification Unit (Nearshore)
Clarification Unit (Upland)

Clay Cap (3 ft over 15 ft fi1l, Upland)
Clay Cap (3 ft over 30 ft fil1, Nearshore)
Clay Linee (3 ft)

Clay Liner (1 ft)

Synthetic Liner (30 ail Butyl/EPOM)
Drainage Sand/Gravel (1 ft)

Undardrain (Laachate Collectian)

R and Rn-off Controls (Land Treatment)
Topsoil Vegetative Layer (2 ft)
Revegetation

Undervater Diffusar (for Open-vwater CAD)

Intertidal Mitigation

Clanshell Dredge of Capping Materials
Barge Transport (up to 5 miles)

Institutional Contro} and Monitoring

nit
costs (3)

$1,500 /core
watersay dependent

$1.50 /vd3
$0.50 /3
$20,000
$1.25 /vd3
$0.50 /yd3
$2.01 /yd3

$22.00 /yd3
$120.00 /yd3
$300.00 /a3
$0.35 Ad3
$100,000

$43,000 /acre
$75,008 /acre

10% of Site Acquisition

D-27

$0.70 A3
$0.40 /3
$0.18 A3
$0.10 /w3
$4.20 Ad3
$2.10 A3
$#4.20 /yd3
$1.40 /yd3
$1.00 Ad3
$0.80 /vd3
$0.12 A3
$0.20 A3
$0.60 /vd3
$0.12 /3
$1.20 A3

$1.25 /3
$0.50 /yd3

DUW 80036963

BVL
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TABLE 01 - Unit Costs for Remedial Activities.

Unit
costs (3)
Sadiment Core Samples $1,500 /core
Mnitoring wells $2,000 /well
Signs for Access Restriction $25,000 /watarvay
Cont ingency 208 of Initial Cost
Mobilization, 8ading, and Insurance 10% of Initial Cost and
Cantingency Cost
Adninistration and Engireering 15% of Initial Costs, Cantingency,

and Mobilizatien Cost
OPERATICNAL AND MAINTENANCE (08M) COGTS

Educational Programs for Institutional Control $15,000 /satersay/yr
Site Inspection and Maintenance for
Insitu capping $0.10 /yd2/yr
Confined aquatic disposal $0.08 Andd/yr
Nearshore disposal $0.08 /yd3/yr
Upland disposal $0.18 Ad3jr
Land treatment $0.32 /wd3/y

Monitoring Program (5 to 30 years)

Mnitoring Stations and Wells
1 station/acre, 30 stations maximm per waterway
1 we11/25,000 yd3, minimum § and macirum 15 wells per disposal site w/o treatment
6 walls par disposal site w/ treatment

Lysimeters (20 per site for land treatment)a $250 /each
Chenical Sampling and Analyses
3 samples/station or 1 sample/well $1,200 /sample
Cntingancy 20% of 08M Cost

Present Worth of Total 08M Cost Calculated on
10% Discont Rats, 5 to 30 years

TOTAL ALTERMATIVE OOST = Total Initial Cost + Present Worth of Total O8M Cost

D-28
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